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Colorlith is available 
in Surf Green, Charcoal 
Gray and Cameo Brown. 


| 


LUT 


\IN SCHOOL AND COLLEGE LABO- 


its practicality and attractive appearance. 


New personality for hard-working labs 


handsome, tough, colorful 


Here’s the new look in labs that’s just as 
practical as it is attractive. It’s Johns- 
Manville’s chemical-resistant work-surface 
material—Colorlith—and it’s ready to help 
you bring new color and design into the 
school and industrial laboratory. 

Made of asbestos and cement—Colorlith 
Offers all these important advantages: COLOR 
—makes any lab a showplace. WORKABILITY 
—offers new design freedom. (Large 4’ x 8’ 
sheets can be cut in any shape). HIGH 
UNIFORM STRENGTH—resists years of 
strenuous service—can be used in thicknesses 


as low as 14” for resurfacing and fume hoods. 
HEAT RESISTANCE—asbestos and cement 
offer unmatched protection against thermal 
shock and fire. And Colorlith offers un- 
usually good chemical resistance, plus a 
smooth-writing surface that lab workers 
consider so important. 

For free Colorlith specification sheet plus 
a coast-to-coast list of J-M Colorlith labora- 
tory furniture manufacturers, see your local 
J-M representative. Or write Johns-Manville, 
Box 14, New York 16, N. Y. In Canada: 
Port Credit, Ontario. 


JOHNS-MANVILLE 


— 


RATORIES J-M Colorlith offers proof of 


A.41. A. File No. 35-E-1-2 


IN INDUSTRIAL LABORATORIES Colorlith 


the top names in American business. 


provides inviting working conditions for many of 
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Francis Bacon...on studies 


“To spend too much time in studies is sloth; to use 
them too much for ornament is affectation; to make 
judgment wholly by their rules is the humor of a 
scholar. ‘They perfect nature, and are perfected by 
experience, for natural abilities are like natural 
plants, that need pruning by study; and studies 


themselves do give forth directions too much at 
large, except they be bounded in by experience. 
Crafty men contemn studies, simple men admire 
them, and wise men use them, for they teach not 
their own use; but that is a wisdom without them, 
and above them, won by observation.” 


—Essays 50. Of Studies, 1625. 


THE RAND CORPORATION, SANTA MONICA, CALIFORNIA 


A nonprofit organization engaged in research on problems related to national security and the public interest 


SCIENCE is published weekly | 


the AAAS, 1515 Massachusetts Ave., NW, Washington 5, D.C. Entered at the Lancaster, Pa., Post Office as second class 


matter under the act of 3 March 1879. Annual subscriptions: $8.50; foreign postage, $1.50;,Canadian postage, 75¢. 
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order from 


The Maxwell Organisation is recognised by librarians and book-buyers 
the world over as the leading and most reliable University and Industrial 
Booksellers. | Maxwell’s offer you and your library a unique, com- 
prehensive and tested service for publications from all countries. Your 
enquiry, large or small, will receive our immediate and courteous attention. 


Write today for this free descriptive booklet which 
gives you full details of the modern, up-to-date 
services designed by the Maxwell Organisation to 
enhance the value of your library]information depart- 
ment as well as to save you time, trouble and expense. 


Il. R. MAXWELL & CO. LTD. 


International University and Industrial Booksellers 
LONDON NEW YORK PARIS 
4-5 FITZROY SQUARE 122 EAST 55th STREET 24 RUE DES ECOLES 
LONDON, W.] NEW YORK 22 PARIS Ve 
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How organic chemists put lithium to work 


Recent interest in organolithium compounds owes 
much to the fact that these compounds are soluble 
in hydrocarbons. The reactions of the organolithium 
compounds resemble those of organomagnesium 
compounds, yet have distinct advantages. In solu- 
tion, lithium compounds exhibit a degree of re- 
activity intermediate between alkali and mag- 
nesium reagents. 

Where it is necessary to use ether solvents, it is 
found that organosodium compounds decompose 
most ethers too rapidly. The organomagnesium 
compounds have too slow a reaction rate to be 
useful. With organolithium compounds the desired 
reaction can be completed before the ether is 
substantially attacked. 

To produce intermediates for further reaction, 
certain ethylenic and aromatic systems add lithium 
and other alkali metals to give metallic deriva- 
tives. Lithium appears to react more readily than 
sodium or potassium and sometimes follows a 
different course of reaction. 

Lithium metal and lithium alkyls seem to have 
the ability to direct the course of a polymerization. 
Isoprene has been polymerized to a product con- 


taining over 93% cis-1,4 addition product. Such 
polymers are considered to be the nearest approach 
to natural rubber. This stereospecific behavior of 
lithium catalysts may be useful in other organic 
reactions. 

Reduction by means of alkali metals can be 
accomplished by using sodium in high-boiling sol- 
vents and in liquid ammonia. Recently it has been 
reported that the use of lithium often gives better 
yields. The versatility of lithium as a reducing agent 
in ethylenic and aromatic compounds is shown by 
the selective reduction of the carbon-carbon double 
bond of a conjugated ethylenic ketone using lithium 
in liquid ammonia. A contrasting example is the 
selective reduction of the carbonyl group of an un- 
saturated ketone using lithium aluminum hydride. 

But this is only the beginning. Though the infor- 
mation on lithium in organics is relatively limited, 
its vast potential in this field is already well estab- 
lished. We’ll be glad to share this information with 
you if it can help you in any way with your specific 
organic problem. Address letterhead a to 
Technical Literature Department, Foote Mineral 
Co., 471 Eighteen W. Chelten Bldg., Phila. 44, Pa. 


UTHIUM CHEMICALS, METAL, MINERALS STRONTIUM CHEMICALS WELDING GRADE FERRO ALLOYS ELECTROLYTIC MANGANESE 
METAL ¢ STEEL ADDITIVES * COMMERCIAL MINERALS AND ORES ¢ ZIRCONIUM, TITANIUM, HAFNIUM {IODIDE PROCESS) 
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THE SARGENT 


LABORATORY 
RECORDER 


( Patents Pending) 


An automatic, self-balancing potentiometric recorder 
which measures voltages or current and graphically records 
these variables as a function of time. 


MULTI-RANGE—4O0 ranges. 
© MULTI-SPEED—9 standard chart speeds with 


Designed and Manufactured by 
E. H. SARGENT & CO. 


Style: Vertical strip chart recorder, designed for labora- 
tory bench operation. Assembly of three individual, sep- 
arable, and self contained units; viz., control panel as- 
sembly, amplifier and power supply chassis, and chart and 
pen drive chassis unit. 

Automatic null balancing potentiometric system with 

standard cell standardization by panel control, conven- 
tional chopper-amplifier method with special Sargent high 
gain amplifier and high stability Sargent bridge power sup- 
ply using combined or alternate dry cells and mercury 
cells. Use of the latter obviates need for standardization 
over very long periods. 
Ranges: Multiple full scale ranges selected by panel range 
switch as follows: 1.25, 2.5, 5, 12.5, 25, 50, 125, 250, 500, 
1250, 2500. All ranges are made direct reading as full scale 
deflection in millivolts, milliamperes, or microamperes by 
use of an associated units selector switch. All 33 scales pro- 
vide true potentiometric measurement. An additional series 
of the same eleven ranges in terms of volts is provided by an 
additional selector switch position, this series using a divider 
input with an impedance of one megohm. 

True potentiometric measurements are thus provided to 
a maximum of 2.5 volts, higher voltages only being 
measured through a divider. 

Accuracy: 0.1% or 20 microvolts, whichever is greater. 
Chart: Width, 250 mm; length, 120 feet. Ruling rational 
with all ranges on a decimal basis. Indexed for reference. 
Graduated steel scale provides for any necessary correc- 
tion of calibration. Two-position writing plate, 15° or 
40° from vertical. 

Chart Drive: Forward drive recording, reverse drive re- 


provision for optional 1-5 range multiplication 
or 5-1 range reduction. 


@ VOLTAGE OR CURRENT RECORDING—for 


measurement of voltage or current or any 
other variable which can be translated to 
voltage or current signals. 


@ FLEXIBILITY OF APPLICATION 
@ DESIGNED FOR BENCH OPERATION 


cording, magnetic brake eliminating coasting when stopped 
and free clutch position with separate provision for rapid 
non-synchronous drive. 

Recording speeds of 4%, 2, 1, 1%, 2, 2%, 4, 8, and 12 
inches per minute, selected by interchange of two gears on 
end of chassis. 

Free clutch or neutral drive at the rate of approxi- 
mately 20 feet per minute in either direction for rapid 
scanning of recorded information, chart reroll, or chart 
positioning. 

Recording either by automatic take-up on roll or with 
free end chart and tear off. . 

Synchronous switching outlet for automatic synchro- 
nization of external devices with recording. 

Pen Speed: 1.8 seconds full scale. Other speeds can be 
provided on special order with change of motors. 
Bridge: Special Sargent specification, ganged Helipot with 
resolution several times common commercial practice. 
Provision for coupled transmitting potentiometer for out- 
put to integrating circuits, etc. 

Damping: Dynamics controlled with single panel knob 
adjustment of amplifier gain. 

Dimensions: Width, 21% inches; depth, 13 inches; height, 
24 inches; weight, about 75 pounds. 

S-72150 RECORDER — Potentiometric, Sargent. Com- 
plete with two S-72165 chart rolls; two each S-72175 
pens; red, blue and green; input cable assembly; syn- 
chronous switch cable assembly; plastic dust cover; spare 
ring for take-up mechanism; spare pen drive cable as- 
sembly; and fuses. For operation from 115 volt, A.C. 
single phase, 60 cycle circuits..............$1725.00 


SARGENT 


SCIENTIFIC LABORATORY INSTRUMENTS @ APPARATUS © SUPPLIES © CHEMICALS 


E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLINOIS 


MICHIGAN DIVISION, 8560 WEST CHICAGO AVENUE, DETROIT 4, MICHIGAN 
SOUTHWESTERN DIVISION 5915 PEELER STREET, DALLAS 35, TEXAS 


SOUTHEASTERN DIVISION, 3125 SEVENTH AVE., N., BIRMINGHAM 4, ALA, 
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PHOTO BY WILL CONNELL 


You’d know them anywhere. Beckman pH electrodes...recognized as the finest... 
and Beckman’s Model G pH Meter...described in the literature as the standard 
of pH measurement. Beckman pH meters and electrodes are used in thousands of 
laboratories throughout the world. “% Your laboratory apparatus dealer provides 
prompt delivery on Beckman pH meters and electrodes, including the newest 
models. Call him today or write to us for a list of dealers and current pH meter 
information. Ask for Data File 21-41-33. Beckman 


2500 Fullerton Road, Fullerton, California 
a division of Beckman Instruments, Inc. 


ULTRAVIOLET AND INFRARED SPECTROPHOTOMETERS + GAS CHROMATOGRAPHS + pH METERS + ELECTROCHEMICAL INSTRUMENTS 
SALES AND SERVICE FACILITIES ARE MAINTAINED BY BECKMAN/INTERNATIONAL DIVISION IN FIFTY COUNTRIES 
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MADE BY 


CARL 
LEIS> 


IN WEST GERMANY 


The revolutionary design 
of the ULTRAPHOT II is years ahead 
of existing equipment! 


Microscope, camera and exposure meter 
combined in one instrument. Completely au- 
tomatic shutter is activated by a photoelectric 
cell computing exact exposure times and in- 
suring correctly exposed photomicrographs 
under even the most adverse conditions. 


Three different light sources, including an 
electrically-controlled arc lamp, are avail- 
able for instant use. By utilizing the Koehler 
principle, specimens can be observed and pho- 
tographed in bright field, dark field and 
phase contrast, as well as with incident light. 


A built-in movable mirror system simulates 
bellows extension up to 12 inches and permits 
gradual magnification from 6.5x to 1700x. 
A 4.x 5-inch back also allows the use of avail- 
able smaller sheet film adapters. 


Write for free detailed literature 


CARL ZEISS, UNINTERRUPTED 


485 FIFTH AVENUE, NEW YORK 17, N.Y. 
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reports on: 


a run of luck in the optical design department... a continuous reactor on 


an academic scale... how to get started right, or even wrong 


Four sharp eyes 


After all these years—the recent 
ones with high-speed digital com- 
puters helping—it surprises outsid- 
ers that lens designers should still 
expect to find new combinations of 
curvatures, refractive indices, thick- 
nesses, and spacings that will sub- 
stantially improve photographic 
lens performance. But they do, to 
the pain of the authors of yester- 
year’s superlatives. A sort of con- 
tinuous auction goes on, at which 
optical manufacturers keep bidding 
up the number of lines per 


millimeter resolved on film .pemist as 
in accordance with Method chemical > 
engineer 


7 of MIL-STD-150. 

In 6-inch to 12-inch focal 
lengths for 70mm aerial film at 
relative apertures around //2.8 to 
f/3.5, we revel for the moment in 
beating the previous high by nearly 
twice. We have had a run of good 
luck in recent months. We did it 
with our 6-inch f/2.8 Kodak Aero 
Ektar Lens, Formula M-360. Here 


are the minimum resolution figures 
we get at full aperture for a sample 
lens of this formula photographing 
high-contrast, 3-line, clear-on-black 
resolution targets on Kodak Super- 
XX Aerial Recon Film with white 
light through a Kodak Wratten 
No. 12 Filter: 
semi-field| 8° | 2.5°| 5° |7.5°|10°|12.5°|15° 
lines/mm | 56| 56 |63| 62 |49| 38 |33 
These figures are very close to 
what used to be quoted for the 
capabilities of the film itself. Only 
nowadays our film people smile at 
the conceptual naiveté of a resolv- 
ing power figure for film. Only the 
resolving power of the film-lens 
combination retains some signifi- 
cance. This significance, too, tends 
to attenuate after an hour at the 
blackboard with an earnest man. 
There are three other Kodak Aero 
Ektar Lenses in this class. They are all 
manufactured on contract, not stocked 
for off-the-shelf sale. They are not 


cheap. They are comparatively heavy. 
Distortion, though moderate, exceeds 


cartographic limits. Above all else, the 
driving force behind these lenses is to re- 
duce the need for large size in aerial 
cameras. Only organizations whose in- 
terest is commercial or professional 
need inquire. They should address them- 
selves to Eastman Kodak Company, 
Military and Special Products Sales, 
Rochester 4, N. Y. 


Many organic compounds are 
manufactured in quantity by shovel- 
ing in the reactants and cooking. 
The “batch method” scales the 1- 
liter flask up to the 200-gallon 
kettle. We have gone the other way. 
We assemble common laboratory 
ware on a table top and operate it 
like a packed tower in a chemical 
plant. The nearer chap is running 
the reaction 


—}C;H;CH 


He turns up his voltage regulator 
to keep the column just hot enough 
for the water to distill off. This 
keeps the reaction going. As long as 
the reactants, with a little piper- 
idinium benzoate as catalyst are 
supplied to the funnel, his product 


This is another advertisement where Eastman Kodak Company 
probes at random for mutual interests and occasionally a little 
revenue from those whose work has something to do with science 
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collects in the bottom flask: Ethyl 
benzalmalonate is made all day 
long, yet the materials are subjected 
to reaction conditions for only 30 
seconds. Very little time for de- 
composition and side reactions. For 
a 0.7 mole run he gets in 30 minutes 
as much product and yield—at bet- 
ter quality—as in 18 hours by batch 
technique. Some reactions other- 
wise quite impractical in the aca- 
demic laboratory, e.g. chlorination 
of xylene, run slick as glass. 

To learn more about these little con- 


tinuous reactors, ask to be put on the 
mailing list for our Organic 


chemical Chemical Bulletin beginning with 
engineer Vol. 30, No. 1. Ask this of Distil- 
as chemist /a4i9n Products Industries, Roch- 


ester 3, N. Y. (Division of East- 

man Kodak Company), who 
supply some 3700 Eastman Organic 
Chemicals for the laboratory but of 
equipment nothing more than an occa- 
sional helpful hint. 


Special sensitized products 

A poor, proud, and gentle old man 
was once arrested for helping him- 
self out at infrequent intervals over 
a long period of years by printing a 
few crude one dollar bills with 
which to buy food. When his story 
was made public, it was learned 
that upon discovering his interest 
in the graphic arts he had written 
to us and received basic informa- 
tion on which he had built his 
modest skill. 

By reading our circulars a person 
can no more acquire proficiency in 
counterfeiting than he can in auto- 
radiography of tissue sections, spec- 
trography, astrophysical research, 
or investigations with nuclear track 
emulsions. Nevertheless, as long as 
intentions are legal, it doesn’t hurt 
early in the game to obtain from us 
the essential facts about the special- 
ized photographic materials we 
manufacture for these purposes. 


New sheets entitled ““Kodak Sensi- 
tized Materials for Autoradiography,” 
“Kodak Spectrum Analysis Plates and 
Films and Kodak ‘Spectroscopic’ Plates 
and Films,” and “Kodak Nuclear Track 
Materials” are obtainable without 
charge from Eastman Kodak Company, 
Special Sensitized Products Division, 
Rochester 4, N. Y. He who asks for ail 
three impresses us with the scope of 
his ambitions but strains our 
credulity a mite. 
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FOR RELIABLE SCALING— 


in making radioisotopes... . or monitoring them 


PERFORMANCE DATA 


The SG-2A Scaler is a completely self- 
contained unit consisting of: 

AMPLIFIER — Chase Higinbotham non- 
blocking type with selectable sensitivity — 
1, 10 or 100 millivolts neg. 

Rise time — 0.20 us. 

Dynamic range (at 1 mv. sens.) 10,000 to 1. 


POWER SUPPLY 

Dual Ranges 300 to 1000 volts, 300 to 
2500 volts. 

Stability — 2 volts low range, 4 volts high 
range (under normal operating conditions.) 
(Available on special order with 5000 volt 
power supply for counters using high volt- 
age gases. Dual ranges 1000 to 2500, 1000 
to 5000 volts.) 

SCALER — three etched wire decade strips 
followed by a precision four digit counter. 
Counts — to 240,000 CPM with less than 
1% coincidence loss, 

Resolving time — 2.5 ys. 

Auto-time — pre-set or elapsed time from 
1 sec. to 60 min. 

Accuracy sec. 

(Model SG-2A4 also available with all elec- 
tronic pre-set count from 100 — 10,000 
counts.) 


SLEFETEELE 


TMC MODEL SG-2A SCALER PROVIDES ACCURACY YOU CAN 
DEPEND ON—AT THE REACTOR, LABORATORY OR HOSPITAL 


When the SG-2A is used as part of reactor instrumentation, the one millivolt 
sensitivity and wide dynamic range of its Chase Higinbotham non-blocking am- 
plifier permit accurate measurement of neutron levels at start-up long before the 
less sensitive operating instruments detect their presence. For medical diagnostic 
procedures using radioisotopes, many hospitals find that the SG-2A with the 
mobile cart and detector arm (above), provides the reliability and good repro- 
duceability that are particularly necessary for thyroid function studies and blood 
and plasma volume measurements using Iodine (I!3!) tracers, or in determining 
red cell mass with radiochromium (Cr5!), Countless other applications of the 
SG-2A range from radioactivity protective monitoring systems in industry to 
experimental work in college laboratories — wherever there is need for accurate 
radiation measurement. 


If you use radioisotope tracers, write for complete information on the SG-2A 
Scaler, or related TMC detectors, pulse height analyzers, ratemeters and other 
instruments. By describing your work and the radioisotopes being used, you will 
enable TMC to recommend the most suitable instruments for your needs, 


140 STATE STREET, NEW HAVEN, CONNECTICUT. 


TAC TECHNICAL MEASUREMENT CORPORATION 
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No Opposition, No Support 


The right to make grants in support of scientific research at universities 
and other nonprofit institutions is limited to a few Government agencies: 
the National Science Foundation, the Department of Health, Education, 
and Welfare, and the Department of Agriculture. Others, among them 
the Atomic Energy Commission, the Department of Defense, and the 
National Bureau of Standards, may make contracts but not grants. The 
difference between a grant and a contract is important. In a contract, for 
example, the aims of the research program must be spelled out in detail, 
something that is incompatible with the exploration of the unknown; in 
a grant, only the general area of research needs to be specified. In a con- 
tract, detailed accounts of expenditures must be made to the granting 
agency; in a grant, the recipient. institution looks after the accounting. 
In a contract, the equipment purchased for the project generally remains 
the property of the Government; in’a grant, the equipment may, at the 
discretion of the granting agency, become the property of the recipient. 

The question of what to do with research equipment after the program 
has been completed is a special source of difficulty under the contract 
arrangement. The equipment to be disposed of may range from portable 
things like glassware to permanent installations like nuclear reactors or 
linear accelerators. The procedure by which the Government divests itself 
of ownership of either portable or fixed equipment under contract ar- 
rangements is cumbersome and expensive. Portable equipment may be 
sent to a warehouse while lists describing it are circulated throughout 
the Government. If no federal agency wants the equipment, it may be 
declared surplus and put up for sale. The handling and accounting often 
costs more than the material is worth. Even for permanent installations, 
the problem is complicated by legal requirements. Generally the Govern- 
ment works out arrangements whereby the research institution may acquire 
ownership, but here again much paperwork and expense is entailed. Under 
grants, on the contrary, the granting agency may choose to make all equip- 
ment purchased for the project the property of the recipient institution 
from the outset. 

Companion bills that extend the right to make grants to those agencies 
now limited to making contracts for basic research are now in committees 
of the House and the Senate. All of the agencies, both those that now make 
grants and those that do not, favor the bills, and there is apparently no 
opposition to their passage in Congress. On the contrary, it appears that 
there is general agreement that the bills would benefit universities, im- 
prove relations between the agencies and the universities, and simplify 
the administration of research—and all of this at no increase in costs. 

Despite this agreement, these bills may be tossed aside during the rush 
toward adjournment unless they get some public support. This is especially 
likely to happen to the bill in the House, which is entitled “H.R. 13091, 
a bill to authorize the expenditure of funds through grants for the support 
of scientific research and other purposes.” Those who favor the bill should 
express their support by writing to Representative Oren Harris, who intro- 
duced it in the House and who is chairman of the Committee on Interstate 
and Foreign Commerce, to which it was referred. For a greater effect, a 
copy of this letter should also be sent to district representatives. Such sup- 
port might tip the balance in favor of a good, sensible, but not very 
exciting piece of legislation —G.DuS. 
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The place of the Particle Acedaae 
Basic Research _ 


Nuclear Spectroscopy — VI 


Low-energy nuclear physics is 
concerned primarily with the ar- 
rangement of nuclear particles or 
nucleons (protons and_ neutrons) 
within the ‘nucleus and with the 
nature of the forces giving rise to 
this nuclear structure. Studies of nu- 
clear structure employ particles such 
as protons, neutrons, deuterons, and 
alpha particles with energies up to 
several million electron volts 
(Mev). This is in contrast to high- 
energy nuclear physics where par- 
ticle energies of hundreds of Mev 
or even several billion electron volts 
are being used to study the inter- 
actions of the elementary particles 
themselves. 

Although the structure of the nu- 
cleus has been the subject of exten- 
sive research for many years, we 
are still without a comprehensive 
theory of the nucleus. Much experi- 
mental and theoretical work re- 
mains to be done in the field of 
low-energy nuclear physics before 
we will have a theory as complete 
as that in atomic physics which de- 
scribes the extra-nuclear electronic 
structure of the atom. 

Studies of Nuclear Structure 
Similar to this electronic struc- 
ture, the nucleus is found also to 
have a structure consisting of dis- 
crete energy states in which the nu- 
cleons can exist. Determinations of 
energy levels, level spacings, and 
particle binding energies are the 
essential problems of nuclear spec- 
troscopy. Just as the mass of ex- 
perimental data on atomic spectra 
was synthesized by the Quantum 
Theory developed in the 1920's, so 
will data on nuclear spectra, being 
gathered today, eventually lead to 
a comprehensive theory of nuclear 
structure. 

Nuclear spectroscopy makes use 
of high-energy particles or electro- 
magnetic radiation to excite the nu- 


Model of new Tandem Van de Graaff 


cleus to a higher-energy state. The 
compound or excited nuclei formed 
in these processes are generally un- 
stable and decay with the emission 
of nucleons, alpha particles, elec- 
trons, or electromagnetic energy 
(protons). In a given reaction, the 
determination of the type of emis- 
sion and a measurement of its 
energy can be used to calculate the 
excitation energy required to excite 
the nucleus to the new level. By a 
series of such measurements, the 
possible energy levels for a given 
nucleus can be defined and, to some 
extent, the probable energy levels 
of the fa dividual nucleons 
determined. 
Van de Graaff Accelerators 
Nuclear energy levels occur at 
energies from about 0.1 Mev up to 
more than 20 Mev. The energy and 
width of these levels must be meas- 
ured with the greatest possible pre- 
cision to provide a detailed picture 
of nuclear structure. In the energy 
range of which it is capable, the 
Van de Graaff® type of particle ac- 
elerator is the most useful for pre- 
cision nuclear spectroscopy. This 
type of accelerator has a wide, con- 
tinuously variable energy range and 
can produce high-intensity beams of 
particles which are mono-energetic 
to within a few tenths of a percent. 
Special techniques, such as those 
recently developed at Duke Uni- 
versity, have shown that an energy 


definition of the order of 250 elec- 
tron volts can be obtained with 
bombarding particle energies of 
several Mev.(') With this resolu- 
tion, line widths can be determined 
accurately and even the Doppler 
broadening caused by the thermal 
motion of the target nuclei may be 
taken into account. 

A New Van de Graaff 

Van de Graaff accelerators pres- 
ently in use for precision nuclear 
spectroscopy are capable of accele- 
rating particles to not much more 
than about 6 Mev. Very recently, 
a new machine of this type, called 
the Tandem Van de Graaff®, has 
been developed by High Voltage 
Engineering and is now producing 
protons with energies of more than 
10 Mev with the expectation that 
12 Mev will eventually be achieved. 
The accelerator, ded on a princi- 
S first proposed many years ago 

y W. H. Bennett of the Naval 
Research Laboratory, extends the 
range of Van de Graaff accelerators 
so that more than twice the present 
number of energy levels may be 
studied by the methods of precision 
nuclear spectroscopy. 

Even with these new techniques 
and machines, nuclear spectroscopy 
has far to go before it achieves the 
accuracy and completeness of atomic 
spectroscopy. As the amount of 
data on nuclear energy levels grows, 
the need for techniques of greater 
shee and for extensions to even 

igher energies becomes apparent. 
Nearly all the major nuclear physics 
laboratories of the world are study- 
ing nuclear energy levels. Most of 
them are using Van de Graaff ac- 
celerators in this great effort to un- 
lock the secrets of nuclear structure. 
Reference. 

Bull, Am, Phys. Soc., 3 164 (1958) 
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Human Vigilance 


The rate of observing an instrument is controlled 
by the schedule of signal detections. 


Current interest in the classical prob- 
lem of sustained efficiency in monotonous 
perceptual tasks has centered around 
situations in which human beings are 
required to monitor some display in 
search of critical, but infrequent, signals. 
Such tasks are numerous and of con- 
siderable practical importance. In air 
defense systems, operators must search 
radarscopes for extremely infrequent 
enemy targets. Increased automation re- 
quires human monitoring of equipment 
which seldom fails. In addition, cases in- 
volving assembly-line inspection of prod- 
ucts represent another large group of 
monitoring tasks in which the critical 
signals may arise relatively infrequently. 

Recent work on operators monitoring 
displays having infrequent signals indi- 
cates a drop in the percentage of signals 
detected as time on watch progresses. 
Mackworth (1) has shown a decrement 
in the subject’s ability to detect signals 
as a two-hour watch progressed. The sig- 
nals were double steps of a clock hand 
which normally stepped 0.3 inches every 
second but had 24 double steps per hour. 
Similar decrements have been demon- 
strated (2-6) when subjects were re- 
quired to detect targets on simulated 
radar displays. Field studies also have 
shown the decrement as time on watch 
passes. This has been found true for 
radar operators (6, 7) and for a variety 
of industrial inspectors (8). In addition, 
Bakan (9), using a modified threshold 


The author is a member of the staff of the Psy- 
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measurement technique, has demon- 
strated a decrement in a brightness dis- 
crimination task. 

Not all investigators have found a 
decrement. One investigator (10), using 
the clock test, has shown an increased 
variance in the number of detections as 
the watch progresses, but no average 
decrement. Others (4, 11), using la- 
tency of detection of nontransient sig- 
nals as a criterion, rather than the per- 
centage of signals detected, have found 
an increase in variance but no increase 
in the average latency of detection. 

Whether a decrement is found or not, 
the fact is clear that many signals well 
above absolute threshold are not de- 
tected either early or late in the session. 
Furthermore, if the frequency of signals 
increases, there is an increase in the per- 
centage of signals detected (4, 5). For 
example, Deese found that with a dis- 
play simulating a search-radar ’scope and 
using 10, 20, 30, or 40 targets per hour 
during a three-hour watch, 46, 64, 83, 
and 88 percent were detected, respec- 
tively. 

In order to “account for” the decre- 
ment and the relation between signal 


frequency and detection probability, an ~ 


abundance of theoretical constructs have 
been offered. The results obtained are 
said to reflect declines in, or waxing and 
waning of, attention, vigilance, or fa- 
tigue. Mackworth (/) tentatively postu- 
lated an excitatory state termed “vigi- 
lance” which is opposed by an inhibitory 
state that parallels the concept of ex- 
ternal inhibition found in the literature 


on classical conditioning. More recently, 
Adams (2) has used Hull’s Ip (reactive 
inhibition) in a similar manner. The 
performance decrement is supposed to 
be a partial extinction phenomenon re- 
flecting the build-up of the inhibitory 
state. When a verbal message to the 
effect that the subject should “do even 
better for the rest of the test” was de- 
livered, the percentage of signals de- 
tected returned to the initial level. This 
is explained as disinhibition and thus as 
evidence for the existence of an inhibi- 
tory state. When a 1-hour break was pro- 
vided, again the performance returned 
to the initial level. This is said to reflect 
spontaneous recovery from the inhibitory 
state. 

Several investigators have employed 
expectancy as an explanatory concept. 
Mackworth (6), Broadbent (11), and 
Deese (12) have used it to “explain” (i) 
the greater over-all percentage of detec- 
tions when the number of signals per ses- 
sion increases (4, 5), and (ii) the in- 
creased probability of detection for the 
longer intersignal times that is observed 
when a signal-by-signal analysis is made 
(1, 5). [The latter finding has not always 
been confirmed (3, 5).] In addition, 
Broadbent has used the idea of stimulus 
selectivity (that is, attention or set) to 
explain not only the findings concerning 
monitoring behavior but classical condi- 
tioning as well. 

In addition to these theories rela- 
tive to psychic and conceptual states, a 
physiological theory has been advanced. 
Deese suggested that the waking center 
(12) of the hypothalamus may be in- 
volved and that the activity of the center 
depends on an influx of sensory stimula- 
tion. According to this theory, as it ap- 
plies to problems of detecting infrequent 
signals, a varied sensory input is neces- 
sary to maintain the excitatory state in 
this center and thus to maintain a high 
level of detection. 


Need for an Atheoretic Approach 


The various theories have all been de- 
veloped to account for a rather meager 
set of data. The parameters influencing 


61 


| 
| 
il : 
rs 
on 
1eS 
nic 
ater 
ven 
ady - 
t of : 
f ac- 
un- 
ture. 
8) 
= 


Imin 2min 3min 4min 
2 
| 
600+ 
| 
/ 
| 
Oo 
0 
TIME ——> min 


Fig. 1. Cumulative response records for 1-, 2-, 3-, and 4-minute fixed-interval schedules 
of pointer deflections. Detections are indicated by lines cutting across the records. 


the monitoring of low-signal-frequency 
displays are as yet poorly explored, with 
the result that inconsistencies are found 
among the findings. In view of this state 
of affairs it might be well to forego the 
luxury of developing explanatory con- 
cepts until the empirical relations are 
better established. 

Indeed, the necessity for theories has 
been sensibly challenged by Skinner (13) 
with regard to theories of learning. The- 
ories, in Skinner’s sense, are explanations 
of data that make use of events at an- 
other level of observation and are not 
to be equated with empirically defined 
concepts which refer to the behavioral 
level of observation. The latter permit 
generalization of empirical principles. 
His arguments seem at least as relevant 
to theories of “vigilance.” 

Such entities as vigilance, attention, 
inhibition, expectancy, and waking-cen- 
ter activity all fall into the category of 
theories, as defined above. They, like 
concepts in learning theories, are “at 
some other level of observation, de- 
scribed in different terms, and measured, 
if at all, in different dimensions” (73, p. 
193). These concepts give the appear- 
ance of explaining the data because of 
the syntax of the statements. The sub- 
ject is said to make a detection because 
he is, at that moment, vigilant or atten- 
tive or expecting a signal. But the con- 
cepts are no less mysterious than the phe- 
nomena they purport to explain. There 
remains the task of discovering the 
events which influence vigilance, atten- 
tion, or expectancy. Once having done 
this, we may be little better off than if 
we had simply searched for the condi- 
tions controlling the probability of de- 
tection, since this is assumed to be di- 
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rectly related to the intervening explana- 
tory concept. 

The argument that theories generate 
research does not seem to apply to the- 
ories in this area, With one exception 
(5), the theories seem to have been of- 
fered as explanations of data already 
collected. But even should they generate 
research in the future, it is by no means 
obvious that this research would be of 
greater significance than research di- 
rected toward an empirical and_be- 
havioral systematization of the field. 

However, the use of theories is by no 
means surprising in view of the types of 
measure used. In practice, only the per- 
centage of signals detected, latency of 
detection, or change in threshold inten- 
sity is measured. The investigator is then 
faced with the problem of saying what 
it is that changes during the monitoring 
task. It is unsatisfactory to say that the 
percentage of signals detected is the vig- 
ilance rather than a result of vigilance, 
attention, or expectancy, just as the 
learning theorist is unsatisfied in saying 
that decrease in errors is learning. In- 
stead of proceeding to search for a satis- 
factory datum on the behavioral level of 
observation, the investigator postulates 
events for other levels of observation, 
Signal detection is said to reflect states 
of vigilance, attention, or expectancy. 
The result of this is that the search for 
an appropriate behavioral datum is im- 
peded, and in its place assumed causes 
are used which are mental, physiological, 
or conceptual events not describable in 
behavioral terms. 

One approach to discovering a satis- 
factory datum is to consider the behav- 
ior which may be involved in monitor- 
ing and then to determine the variables 


which control that behavior. Success in 
detecting signals may depend on the 
emission of responses which will make 
the detection possible. These could be 
responses of orienting toward the correct 
portion of the display and fixating or 
scanning the display. Such responses can 
be termed observing responses in that 
they bring about the observation of sig- 
nals (/4). Furthermore, these observing 
responses might follow the same prin- 
ciples as instrumental responses and thus 
be subject to control by the same type of 
environmental variables. It is suggested 
that the observing responses which make 
detections possible follow the principles 
of operant behavior. The reinforcement 
for these observing responses could be 
the detection of the signals. That is to 
say, the detection itself could exert con- 
trol over the rate or probability of emis- 
sion of observing responses in exactly the 
same manner as food reinforcement con- 
trols the rate of operant responses in 
animals. 


Signal Detection as Reinforcement 


In order to evaluate this formulation 
of “vigilance” it was first necessary to 
determine whether signal detection really 
could serve to reinforce an observing re- 
sponse. To do this, subjects (Navy en- 
listed men), working in the dark, were 
required to report deflections of a pointer 
on a dial; but the pointer could be seen 
only when the subject pressed a key 
which provided a brief flash of light that 
illuminated the face of the dial. When 
the key was pressed, the light flashed for 
a period of only 0.07 second, even if the 
subject held the key down. Thus he had 
to release and redepress the key to obtain 
another look at the dial. When the sub- 
ject observed a pointer deflection he re- 
ported it by pressing another key, which 
reset the pointer. The pointer remained 
deflected until this key was pressed. The 
deflections of the pointer were pro- 
grammed so as to make possible various 
schedules of detections (or reinforce- 
ments). Each subject was advised that 
his only aim should be to make as many 
detections as he could and to reset the 
pointer as rapidly as possible. At the end 
of each session he was informed of the 
number of detections made and the 
average time per detection. He was not 
informed that the experimenter was in 
any way concerned with the frequency 
with which he flashed the light. Cumu- 
lative response records were made of his 
responses on the light-flashing key. This 
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type of recording, commonly used in 
operant conditioning (see 15, 16), con- 
sists of a pen which moves in small dis- 
crete steps across the recorder paper as 
responses are made, while the paper 
moves slowly in a direction perpendicu- 
lar to the direction of pen movement. 
The result is a tracing in which the slope 
of the line reflects the rate of responding. 

In order to determine whether signal 
detection can serve as reinforcement for 
observing behavior, various schedules of 
signal presentation were used, analogous 
to the scheduling of more conventional 
reinforcers, such as food and water, em- 
ployed in operant conditioning with ani- 
mals. Throughout all of the various 
schedules to be discussed below the sub- 
jects were never told anything about the 
nature of the schedule. 

Fixed interval. The first schedules used 
were of the fixed-interval type. Five sub- 
jects began with a /2-minute fixed-inter- 
val schedule. That is to say, the needle 
was deflected for 12 minute after each 
detection and remained deflected until 
it was reset by the subject. After eight 
40-minute sessions, the interval was in- 
creased to 1, 2, 3, and finally 4 minutes, 
with eight successive sessions on each. 

Figure 1 presents data from compar- 
able portions of records for a typical 
subject on several schedules, all of dif- 
ferent fixed intervals, Each curve is a 
segment of record from the last session 
which the subject had on the indicated 
fixed interval. The individual curves are 
displaced along the horizontal axis. The 
lines cutting across the records indicate 
signal detections. Shortly after each de- 
tection there is a period in which no ob- 
serving responses are emitted, as indi- 
cated by the flat portions of the curves. 
Then responding (observing) resumes in 
an accelerated fashion and reaches a 
high rate before the next signal. These 
“scallops” are analogous to those ob- 
tained with animals working for food re- 
inforcement on a fixed-interval schedule 
(15-17). In either case the data represent 
a temporal discrimination. Responses im- 
mediately ‘after reinforcement are not re- 
inforced, so a discrimination is formed 
for “no responding following reinforce- 
ment.” Responding resumes after time 
passes and the conditions become appro- 
priate for reinforcement. 

Examining the records, one could, if 
so inclined, speculate that they reflect 
“fluctuations of attention” or the course 
of “subjective expectancies.” However, 
the temptation to do so should not be 
great since the dependency of observing 
rate on detection, or reinforcement, is 
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Fig. 2. Cumulative response record show- 
ing effect of withholding pointer deflec- 
tions following a fixed-interval schedule. 
After three detections (indicated by lines 
cutting across the record) no further 
pointer deflections occurred. 


clear. To postulate states accompanying 
the changes in observing rate adds noth- 
ing of use in controlling or predicting 
the observing rate. 

Additional insight into the role of sig- 
nal detection is provided when no fur- 
ther signals occur (that is, during ex- 
tinction). Extinction data are provided 
in Fig. 2 for the same subject for whom 
data were given in Fig. 1. This is a com- 
plete record for a 1-hour session. Three 
signals were first provided on the 4-min- 
ute fixed-interval schedule which had 
maintained the observing behavior for 
six previous sessions; then no further sig- 
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nals were provided. Following each sig- 
nal detection in the early portion of the 
record, the characteristic fixed-interval 
scallops are found. After the third and 
final detection there is again a scallop, 
with the high rate continuing for a time 
and then gradually declining to a very 
low value. This decline in rate of observ- 
ing response is dependent upon the ab- 
sence of signal detection. It cannot be 
interpreted as physiological fatigue, since 
on other schedules higher rates have 
been maintained, without decrement, for 
more than three hours. 

Fixed ratio. To pursue further the 
analogy between signal detection and re- 
inforcement as found in typical operant 
conditioning situations, fixed-ratio sched- 
ules were employed. These schedules 
make reinforcement contingent on the 
number of responses emitted rather than 
on the passage of time. To begin with, 
seven subjects were tested on a fixed- 
ratio schedule of 36 responses per detec- 
tion. That is, a needle deflection oc- 
curred only after 36 observing responses 
were made following the immediately 
preceding detection. After six 40-minute 
sessions on this schedule the ratio was 
increased, in blocks of six sessions, to 60, 
84, 108, 150, and finally 200 responses 
per detection. Presented in Fig. 3 is a 
family of curves for the various ratios 
for a typical subject. These curves are 
equivalent segments of the subject’s final 
sessions on the indicated schedules. Tests 
with these schedules, unlike most moni- 
toring tasks, permit the subject to mini- 
mize the number of signals by not re- 
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Fig. 3. Cumulative response records for 36-, 60-, 84-, 108-, 150-, and 200-response fixed- 
ratio schedules of pointer deflections. Detections are indicated by lines cutting across 


records. 
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Fig. 4. Cumulative response record show- 
ing extinction following a 200-response 
fixed-interval schedule of pointer deflec- 
tions. After three detections (indicated by 
lines cutting across the record) no further 
pointer deflections occurred. 


sponding. Instead, however, he tends to 
maximize the number of signals by emit- 
ting responses at a high rate. Occasion- 
ally short breaks or periods of no re- 
sponding occur, but only immediately 
following a detection. These results are 
also characteristic of those obtained with 
conventional reinforcement on fixed-ratio 
schedules (15-17). 

An additional demonstration of the 
control exerted by the schedule of signal 
detection or reinforcement is seen in the 
extinction following fixed-ratio sched- 
ules. A 1¥%4-hour extinction record is 
presented in Fig. 4 for the same subject 
for whom data were given in Fig. 3. 
Three needle deflections were provided 
on the 200-response ratio schedule which 
he had experienced for the preceding six 
sessions. After that, no more signals were 
given. The second portion of the record, 
following resetting of the pen at the ver- 
tical line, is continuous with the first. 
This record resembles extinction follow- 
‘ing fixed-ratio reinforcement with ani- 
mals (1/5, 17) but is decidedly unlike 
typical extinction following fixed-interval 
reinforcement (see Fig. 2). Instead of 
the gradual decline seen for extinction 
following fixed-interval schedules, the 
rate, when the subject responds at all, 
is high. Immediately after the last rein- 
forcement the subject continues at his 
normal rate for more than 800 responses. 
He then begins showing occasional pe- 
riods of no responding, but in each case 
responding resumes at the original high 
rate. As extinction progresses the periods 
of no responding increase, but, through- 
out the session, when there is a single 
response there is a run of responding at 
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the high rate that prevailed during rein- 
forcement. 
Previous analysis (13, 17) has indi- 
cated that the form of the extinction 
curves for various schedules depends on 
the presence or absence of conditions 
which were present at the moments of 
reinforcement in the past. In the case 
of fixed-ratio schedules there tends to 
be reinforcement for groups of closely 
spaced responses (see 15). Thus, high 
rates are reinforced, and these high rates 
come to characterize ratio schedules. As 
a result, when a response is made during 
extinction, conditions are like those that 
prevailed at the time of reinforcement. 
During extinction, therefore, intermedi- 
ate rates are lacking. The subject either 
responds rapidly or not at all. 
Multiple schedule. It has also proved 
possible in operant conditioning to gen- 
erate behavior appropriate to more than 
one schedule in a single organism during 
the same session (17). To do so, stimuli 
are provided to indicate which schedule 
is in effect at a given moment. The 
stimuli used have been alternation of 
schedules (called mixed schedules), dif- 
ferent colored stimulus lights, or both. 
I have successfully combined a 40-re- 
sponse fixed-ratio and a 3-minute fixed- 
interval schedule, using four subjects. 
These tests began with six 40-minute 
sessions in which a small red light indi- 
cated a fixed ratio of 23 responses to be 
in effect and a small green light indi- 
cated a /2-minute fixed interval to be in 
effect. The order of appearance for these 
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two schedules was randomly determined. 
Then for sessions 6 through 11, the 
schedules were changed to a 40-response 
fixed ratio and a 3-minute fixed interval. 
These two schedules were alternated 
regularly. Then for the twelfth and final 
40-minute session the two schedules ap- 
peared randomly, with only the stimulus 
light providing the basis for discrimina- 
tion. A typical record for this session is 
presented in Fig. 5. The 3-minute fixed- 
interval portions of the record are la- 
beled J, and the 40-response fixed-ratio 
portions are labeled R. It can be seen 
that when the interval was in effect 
(green light on) the subject’s observing 
rate provided the fixed-interval scallop. 
(There is a rougher grain to the scallop 
than to that found in Fig. 1. This is 
probably due to the experience on fixed- 
ratio schedules.) When the fixed-ratio 
schedule was in effect (red light on), 
the subject’s observing rate was that 
typical for fixed-ratio reinforcement. 
Thus, like other operant behavior, the 
observing response can be brought under 
stimulus control. There remains no need 
to appeal to another level of analysis by 
speaking of “attention” being dependent 
on “context” or “meaning.” Such pro- 
posed constructs are unnecessary when 
the control exerted by the schedule of 
detection under correlated stimuli can be 
directly demonstrated. 

Differential reinforcement of low rates. 
One further schedule which attests to the 
control of observing rate by detections is 
one which makes detections (reinforce- 
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Fig. 5. Cumulative response record for a multiple schedule consisting of a 3-minute fixed 
interval (J) and a 40-response fixed ratio (R). Lines cutting across the record indicate 


detections. 
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Fig. 6. Cumulative response record for differential reinforcement of a low rate. Down- 
ward deflection of the pen indicates pointer deflection, and upward deflection indicates 
detection. Pointer deflections occurred only after no observing response was emitted for 


30 seconds. 


ments) contingent on low rates of re- 
sponding. Two subjects were, placed on 
such a schedule. The needle was de- 
flected only after they had failed to emit 
an observing response for 30 seconds. A 
record of one subject’s fourth 1-hour ses- 
sion is presented in Fig. 6. It can be seen 
that this schedule provides a very low 
rate of responding, like that found in 
other operant conditioning experiments 
(18, 19) for which similar schedules 
were used. The few short bursts of higher 
rates tend to occur after the subject re- 
sponded just a little sooner than the re- 
quired 30 seconds. Even this detail paral- 
lels results with animals working for food 
on this schedule (/8). 

Conclusion. The results reported thus 
far demonstrate that signal detections 
can control the rate or probability of 
emission of observing responses. Further- 
more, this control is of the same nature 
as that exerted by conventional reinforc- 
ers, thereby permitting the conclusion 
that signal detections serve as reinforce- 
ments for observing responses. 


Observing Rates and “Vigilance” 


There remains the problem of deter- 
mining whether the schedules used in 
classical vigilance studies will generate 
observing rates which parallel the prob- 
ability-of-detection data found in those 
studies. A decrement in probability of 
detection during the course of a session 
has been shown (5) for 20 signals per 
hour when the signals were arranged 
randomly through the session with the 
intersignal times drawn from a rectan- 
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gular distribution. Such a schedule, in 
operant conditioning terms, would be a 
variable-interval schedule having an av- 
erage interval of 3 minutes. Four sub- 
jects were placed on this schedule. Fig- 
ure 7 shows the records for two of these 
subjects during their first session. (Vigi- 
lance studies frequently have only one 
session.) These records were chosen by 
way of illustration because these two 
subjects were the two extremes in terms 
of decrement of response rate as the ses- 
sion progressed, All four subjects showed 
periods of lower observing rates in the 
latter portions of the session. The drop 
in rate as the session progresses is 
brought about by the fact that reinforce- 
ment frequency is insufficient to main- 
tain the higher initial rate, which results 
in part from the subject’s past experi- 
ence. However, some decline does con- 
tinue to appear within each session for 
as many as 18 additional 1-hour sessions. 
Similarly data on pigeons (17) show a 
within-session decline in rate on a vari- 
able-interval schedule when the average 
interval is long. Furthermore, the drop 
in observing rate parallels the frequent 
finding, in viligance studies, of a decline 
in the percentage of signals detected. 

It has also been demonstrated in vigi- 
lance studies that the percentage of sig- 
nals detected increases as the signal fre- 
quency increases. To determine whether 
rate of observing responses also increases, 
two subjects were tested on various vari- 
able-interval schedules; first there were 
three 1-hour sessions in which the aver- 
age interval was 15 seconds (240 per 
hour), then the interval was increased, 
in blocks of three sessions, to 30 seconds 


(120 per hour), 1 minute (60 per hour), 
and finally 2 minutes (30 per hour). In 
each case the distribution of intervals 
was rectangular, varying from 5 seconds 
to double the average interval. In Figure 
8 there is shown a family of curves for 
one subject for these various average 
intervals, These records are for the first 
3000 responses of the final session on 
each schedule. It can clearly be seen 
that the rate of observing is highest for 
the high signal rate and decreases as the 
signal rate decreases. Again this finding 
parallels the results of classical vigilance 
studies in the higher percentage of de- 
tection for higher signal rates (5), and 
at the same time it parallels other oper- 
ant conditioning research with variable- 
interval reinforcement which also shows 
high response rates to be associated with 
schedules having a low average interval 
(15, 17). 

The curvature seen in the records in 
Fig. 8 is also of some interest. For the 
average interval of 2 minutes there is a 
decline in observing rate as the interval 
progresses, while for the 15- and 30-sec- 
ond average intervals there is an increase 
in observing rate. The decrease shown in 
the case where the smallest number of 
signals is used is another illustration of 
a decrement in “vigilance.” When larger 
numbers of signals are used, the “vigi- 
lance” literature reports and the present 
study shows that the decline during the 
session disappears. Actually, most studies 
are incapable of showing a rise in prob- 
ability of detection because the signal 
is set so that initial detection is nearly 
always made. 


CUMULATIVE RESPONSES 


TIME —= +—4:10 MIN 


Fig. 7. Cumulative response records for 
the first session for two subjects ($1 and 
S2) on a variable-interval schedule with 
average interval of 3 minutes (rectangular 
distribution ranging from 5 seconds to 6 
minutes). 
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Observing Behavior with the 
Mackworth Schedule 


Additional evidence for the adequacy 
of the observing-behavior analysis of 
“vigilance” is seen when the schedule 
used by Macworth (1) is employed in 
the present study. The aims of this study 
were (i) to determine whether the 
schedule of signals actually used by 
Mackworth would confirm the data on 
decrement in percentage of detections 
found by him and at the same time pro- 
vide data on decrement in observing rate, 
and (ii) to determine whether the data 
on observing rate would parallel the data 
on percentage of signals detected. In all 
of the experiments reported above, sig- 
nals which remained until detected (non- 
transient signals) were used in order that 
the schedule of detections would be under 
the experimenter’s control. The result 
was that signals could never. be missed. 
But in order to determine whether the 
typical vigilance measure of percent- 
age of signals detected is paralleled 
by the observing rate, it was necessary 
to make the signal automatically disap- 
pear if it was not detected within a short 
time (these are called transient signals). 
The general procedure was identical 
with that previously used except for the 
fact that when the needle was deflected 
it returned to its original position after 
114 seconds unless the subject previously 
detected and reset in in the usual fashion 
by pressing the key which indicated a 
detection. The schedule of pointer de- 
flections was identical with the schedule 
of double jumps used by Mackworth (/) 
in his clock tests, which stand as the 
classics in the area of vigilance. This 
sequence of intervals between needle de- 
flections was 34, 34, 1¥2, 2, 2, 1, 5, 1, 1, 
2, 3, and 10 minutes, in that order, and 
the sequence was repeated four times 
during the 2-hour sessions. Thus there 
‘were twelve signals each half-hour, the 
shortest interval between signals being 
34, minute and the longest, 10 minutes. 
Sixteen subjects served in two 2-hour 
sessions. Cumulative records were made 
of their observing responses. In addition, 
a record was kept of their successes and 
failures in making detections. 

In Mackworth’s studies, as well as in 
the present study, there were some im- 
portant individual differences. Mack- 
worth found that 29 percent of his sub- 
jects missed not more than one signal in 
the last three half-hour periods. In the 
present study 39 percent of the subjects 
missed not more than one signal in the 
entire two hours. The vigilance decre- 
ment is thus due to the performance of 
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the other subjects. It turns out that the 
high-detection subjects show rather dif- 
ferent observing response rates than the 
others. Therefore, in treating the data 
the subjects were divided into two 
groups—a high-detection group, made 
up of those who missed not more than 
one signal in a 2-hour session, and a low- 
detection group, made up of those 
who missed more than one signal per 
session. 

The results for both the percentage of 
signals detected and for observing re- 
sponses are summarized in Fig. 9. The 
data for the two 2-hour sessions are com- 
bined and show the means for each half- 
hour period for both measures. The 
curve labeled D-H (open circles) rep- 
resents the percentage-detection data for 
the high-vigilance group. It shows, of 
course, nearly perfect detection through- 
out, since this was the basis for assign- 
ment to this group. The curve labeled 
R-H (open triangles) shows the mean 
number of observing responses for this 
high-vigilance group. Interestingly, these 
subjects actually show a rise in response 
rate as the session progressed. Their per- 
centage-detection data cannot reflect this 
rise because these subjects are already 
detecting nearly all the signals. It is 
probable that this group has an in- 
creased detection efficiency which can- 
not be revealed by the detection meas- 
ure. Classical vigilance studies have had 
no measure of observing rate and there- 
fore have been unable to show such a 
phenomenon. 

The low-vigilance group’s detection 
results are shown in the curve labeled 
D-L (solid circles) and their observing 
response results, in the curve labeled 
R-L (solid triangles). By the second 
half-hour there is a drop both in the 
percentage of signals detected and in 
the rate of observing responses. In the 
first half-hour members of this group 
detected 93 percent of the signals and 
emitted an average of approximately 
5100 observing responses, while in the 
second half-hour they detected 74 per- 
cent of the signals and emitted an aver- 
age of about 4550 observing responses, 
The drop from the first to the second 
half-hour is significant at the 1 percent 
level for both measures. The slight de- 
cline from the second to the third half- 
hour is not significant for either meas- 
ure. But the rise in the fourth half-hour 
is significant at the 5 percent level for 
both measures. This end-spurt is probably 
due to the fact that the subjects knew 
that the session was 2 hours long. Mack- 
worth found no such end-spurt, bur other. 
studies (5) have shown that knowledge 
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Fig. 8. Cumulative response records for 
variable-interval schedules with average 
intervals of 15 seconds, 30 seconds, 1 min- 
ute, and 2 minutes, respectively (rectangu- 
lar distributions ranging from 5 seconds to 
double the average interval). All records 
are from the same subject. In each case 
the record was made after three previous 
sessions on the schedule. 


of the length of the session can produce 
such an effect. 

In general, then, the vigilance decre- 
ment found by Mackworth was con- 
firmed in this study, and a parallel dec- 
rement in observing rate was shown as 
well, It should be recalled that detec- 
tions (that is, reinforcements) on vari- 
able-interval schedules show that the 
lower the rate of signals, the lower the 
rate of responding (see Fig. 8). Thus, 
when signals are missed, this might have 
the effect of lowering the rate, since the 
subject is then on a different variable- 
interval schedule with a higher average 
interval. 

One further factor may have an influ- 
ence on the response rate in this study. 
When transient signals are used, the situ- 
ation is analogous to work with animals 
in which a variable-interval schedule is 
used, with the added contingency that 
when the program is set up for reinforce- 
ment, the animals have only a brief time 
in which to respond before reinforcement 
is no longer available. Such a schedule 
(17) used with animals (called “varia- 
ble interval with limited hold”) has 
shown that the use of a limited hold 
considerably increases the rate of re- 
sponse over that for the same variable- 
interval schedule with unlimited hold. 
This presumably results from the differ- 
ential reinforcement of high rates, since 
high rates of responding are more likely 
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to be reinforced in the case of limited 
hold. There may well be an analogous 
effect in this study. Those subjects who 
detect almost all signals are very prob- 
ably being reinforced for high response 
rates, with the result that their rate in- 
creases and thus maintains maximum de- 
tection proficiency. 


Additional Parallels between 
Response Rate and Detection Data 


The similarity in the shapes of the 
curves in Fig. 9 for the observing rate 
data and the detection data for the low- 
detection group offers support to the 
position that the finding of classical vigi- 
lance studies could reflect observing be- 
havior. Additional evidence may be ad- 
duced for this in parallels between vigi- 
lance data and work on operant behavior 
from animal laboratories. For example, 
(i) Mackworth (6) finds that giving 
subjects 10 milligrams of benzedrine 
raises the level of detection. Similarly 
Brady (20) has shown that doses of 
benzedrine administered to rats provide 
high response rates when the rats are on 
a variable-interval schedule. (ii) In ad- 
dition, Mackworth (6) has shown that 
high room temperatures result in lower 
levels of detection; and, similarly, ani- 
mals on a_variable-interval schedule 
show lower response rates when the room 
temperature is high (2/). (iii) Nicely 
and Miller (22) have investigated the 
effect of unequal spatial distribution of 
signals on a radar display. The strobe 
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Fig. 9. Mean percentage of signals de- 
tected and mean number of observing 
responses per half-hour period for a two- 
hour session on the Mackworth schedule. 
Curve R-H, observing response data for 
the high-detection group; curve D-H, de- 
tection data for the high-vigilance group; 
curve R-L, observing response data for the 
low-detection group; curve D-L, detection 
data for the low-detection group. 
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line rotated at 6 revolutions per minute. 
One quadrant had signals on an average 
of one every five rotations, while the re- 
mainder of the display had signals on an 
average of one every 30 rotations. Nicely 
and Miller found that the percentage of 
signals detected increased for the high 
signal-frequency area and declined for 
the low signal-frequency area. After 30 
minutes the detection-data curve for the 
high signal-frequency area had ap- 
proached a higher asymptote than had 
that for the low signal-frequency area. 
This situation is analogous to a multiple 
schedule having a 40-second average 
variable-interval schedule with one stim- 
ulus (one area) and a 5-minute average 
variable interval with another stimulus 
(the other area). Ferster and Skinner 
(17) have shown that animals on such 
a multiple schedule show a lower re- 
sponse rate in the presence of the stimu- 
lus correlated with the long variable in- 
terval than in the presence of the stimu- 
lus correlated with the short variable 
interval. (iv) It has been demonstrated 
that rest periods restore the detection 
efficiency. to nearly what it was at the 
beginning of the session (J, 2). Similarly, 
Ferster and Skinner (/7) have found 
that response rates on variable-interval 
schedules are increased by interspersing 
rest periods, 


Conclusions and Implications 


This analysis (23) has demonstrated 
that detections of signals can serve as 
reinforcements for observing responses 
and, further, that the detection data of 
vigilance studies may reflect the observ- 
ing response rates generated by the par- 
ticular schedules employed. Thus a 
means of analysis is provided which does 
not appeal to a nonbehavioral level. 

In other vigilance studies the observ- 
ing behavior has probably been fixation 
and scanning with the head and eyes as 
well as perhaps more subtle responses. It 
would be of interest to extend the pres- 
ent technique to some of these responses, 
although for many problems the topog- 
raphy of the response may be unimpor- 
tant and the present methods entirely 
sufficient. 

So far as application is concerned, the 
striking fact is the rather precise control 
exerted by the environment over the 
human operator’s observing behavior. 
Thus, in a man-machine system it should 
be possible for the machine to maintain 
control over the operator’s monitoring 
behavior. The ideal manner for exerting 
such control remains to be worked out, 


It is hoped that this will be the goal of 
much additional research in this area. 
But one obvious way is to provide a 
high rate of realistic artificial signals on 
a schedule which would provide the de- 
sired observing rate. The most promising 
schedule for many situations would be a 
variable-interval schedule of signals hav- 
ing a short duration, like the limited 
hold in animal work. Other do’s and 
don’ts of the engineering of monitoring 
tasks must be worked out. To this end 
it is clear that the abundant amount of 
systematic research on operant behavior 
that has been done with animals should 
be a fruitful source of ideas for develop- 
mental research as well as for educated 
guesses in designing man-machine sys- 
tems requiring monitoring by human 
beings. 
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Photosynthesis 


Experiments at the Max Planck Institute for Cell 
Physiology, Berlin-Dahlem, 1950-57, are described. 


Ever since Chlorella has been an ob- 
ject of photosynthetic study, it has been 
known that there are cells that use light 
efficiently and cells that use light ineffi- 
ciently. In recent years we have sought 
to discover and control the conditions 
that give rise to efficient cells. It has been 
found that one of the most important 
conditions is the light intensity at which 
the cells are cultured. If one employs 
artificial light sources without interrup- 
tion, as has been the almost universal 
practice, the Chlorella are then too far 
removed from their natural living condi- 
tions of the past half billion years. The 
cells are forced to produce organic mat- 
ter continuously, and more material than 
they need for their own synthesis. As a 
consequence, the energy yield of the cells 
is reduced to a small fraction of the opti- 
mum yield. 

Cells that use light efficiently result, 
on the other hand, when one allows the 
intensity of the light to fluctuate so as to 
imitate day and night, with dimming late 
evening and early morning (1). We at- 
tain this by varying the operating voltage 
automatically from 50 up to 220 volts 
and back to 50 volts again over a period 
of 24 hours. The relative quantum inten- 

sities of radiation were measured with 
the chemical quantum actinometer (2), 
with results indicated by the ordinate 
values in Fig. 1. Cells so cultured use the 
light best when they are placed in the 
manometric vessels in the morning and 
their photosynthetic efficiency is meas- 
ured thereafter during the artificial day. 

Equally as important as the culturing 

of the cells are the conditions under 
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which the utilization of the light is meas- 
ured. For example, it was found with 
monochromatic light that the utilization 
of light in the green or yellow or red was 
the poorer the purer the spectral com- 
position. However, good utilization was 
immediately restored when a relatively 
small amount of blue-green light was 
added to the main beam of very pure 
monochromatic light. One can thus ob- 
tain good or poor yields at will, simply 
by adding or removing the blue-green 
light during the measurements of effi- 
ciency. If each such test period is made 
30 minutes long, one can observe in an 
experimental day of 8 hours, with one 
and the same suspension, good yields 
eight times and poor yields eight times! 

The different parts of the blue-green 
spectrum are not equally effective. The 
action spectrum of the blue-green light 
shows a sharp maximum in the region 
of 460 mu, as is shown in Fig. 2. This 
action spectrum is probably a carotinoid 
spectrum. An inactive carotinoid proen- 
zyme is probably converted by the blue- 
green light into an active lumino enzyme. 
As possible analogs, there may be men- 
tioned light-sensitive visual purple, and 
ooverdin, a carotinoid protein discovered 
by Richard Kuhn. 

Both examples—the fluctuating light 
during culture and the blue-green light 
during yield measurement—suffice to 
make it understandable why, in the last 
40 years, in different institutes through- 
out the world, very different photosyn- 
thetic yields have been found—different 
not in percentages, but in hundreds of 
percent. Even if the manometry and the 
light measurements had been correct 
everywhere, not even approximate agree- 
ment would have been possible, owing 
to ignorance of the essential conditions 
of culture and measurement. Thus, in 
the United States, during the years 1938 
to 1948, an average quantum require- 
ment of 16 per molecule of oxygen gas 
produced was found, corresponding to 


an energy yield of 18 percent in red light. 
This value is removed from the optimal 
value (7) by several hundred percent. 

If one maintains the now-established 
conditions of good yield, one will obtain 
good yields from now on, everywhere and 
always. Figure 3 shows an example of 
oxygen evolution during constant illumi- 
nation in a 5-hour experiment in which 
the quantum requirement per molecule 
of O, produced was approximately 3 for 
the entire period. Any deviation from 
linearity with time was within the ex- 
perimental error. Figure 4 shows oxygen 
development in a 6-hour experiment in 
which the quantum requirement per 
molecule of O, produced was approxi- 
mately 4, Table 1 contains the results 
of 23 six-hour experiments conducted on 
23 days of the months March to May, 
1957, in which only a single instance of 
a poor yield, namely a quantum require- 
ment of 7.5, was obtained (3). 

The quantum requirement of 3 per 
molecule of O, signifies that in red light 
about 90 percent of the incident light 
energy can be converted into chemical 
energy. Since light energy is freely trans- 
formable energy, this energy efficiency is 
completely compatible with both the first 
and second laws of thermodynamics. 
Thermodynamically incompatible with 
good yields were only those theories con- 
cerning the chemical mechanism of pho- 
tosynthesis that are today at long last 
recognized as incorrect. 

In summary, one can say that, with 
the fixing of the conditions of culture 
and measurement, the dispute concern- 
ing the efficiency of utilization of sun- 
light is finally decided. It is a decision 
in favor of nature. The reaction by which 
nature transforms the energy of sunlight 
into chemical energy, and upon which 
the existence of the organic world is 
based, is not so imperfect that the greater 
part of the applied light energy is lost; 
on the contrary, the reaction is, like the 
world itself, nearly perfect. 


The Multiquanta Problem 


But how is it possible that carbonic 
acid can be split by the light quanta of 
visible light, which are so deficient in 
energy that several quanta are necessary? 
In the photochemistry of the inanimate 
world, no reactions are known in which 
several quanta react with one molecule at 
one time, and, moreover, several-quanta 
reactions are theoretically scarcely con- 
ceivable. 

The problem was solved several years 
ago at Dahlem by Dean Burk and us (4). 
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Fig. 1. Fluctuating light intensity in the 
culturing of Chlorella. 
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Fig. 2. Action spectrum of blue-green 
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Fig. 3. Oxygen gas produced at constant 
illumination with green light with a small 
quantity of blue-green light added (five- 
hour experiment). 
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Fig. 4. Oxygen gas produced at constant 
illumination with green light with a small 
quantity of blue-green light added (six- 
hour experiment). 
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By measuring photosynthesis under spe- 
cial conditions, a splitting of photosyn- 
thesis into two reactions was observed: a 
light reaction and a dark reaction. Nor- 
mally these two reactions overlap each 
other so that one cannot observe each 
one separately. 

In the light reaction, one molecule of 
O, will develop per molecule of chloro- 
phyll, with, however, a quantum require- 
ment, not of 3, but of 1. This at first 
appears to contradict the laws of energy. 
However, during the dark period follow- 
ing the end of illumination it can be 
observed manometrically, under suitable 
conditions, that two-thirds of the oxygen 
gas developed during the light period 
undergoes a back reaction, with restora- 
tion of the original condition wherein 
light can again produce O, as before 
(5). Thus, if the light reaction is not 
considered by itself, but together with 
the dark reaction, all is in order ener- 
getically. 

Closer study showed that in the dark 
reaction the oxygen of carbonic acid was 
so loosened that, with the help of the 
energy of respiration, one quantum then 
sufficed to produce one molecule of O,. 
The carbonic acid derivative with the 
loosened oxygen is probably a peroxide. 
In order not to go beyond the facts, we 
may call it the “photolyte” of photosyn- 
thesis. 

If we write the light and dark reac- 
tions of photosynthesis one after the 
other, we obtain (Chl, chlorophyll) : 


(Light) 3(ChICO.*) + 3Nchv + 3CO: > 
3(ChICOs) + +30. (1) 


(Dark) 2C0+20:;— 
2CO.+ 200,000 cal (2) 
(Dark) 3(ChICO.) > 
3(ChICO.*) — 200,000 cal (3) 
(Balance) 1CO2+3Nohv 1C + 102 


The photolyte derivative of carbonic 
acid is designated by an asterisk, in order 
to distinguish it from the untransformed 
carbonic acid. Nothing in this reaction 
sequence is theory. All has been found 
experimentally and measured in living 
Chlorella. Reaction 1, the light reaction, 
is measured by the O, development and 
CO, consumption in the light. Reaction 
2 is measured by the O, consumption 
and CO, production in the dark. Reac- 
tion 3, in which the bound, inactive car- 
bonic acid is transformed into the photo- 
lyte, is measured by the time that elapses 
until the light is again able to develop 
as much O, as in reaction 1. In our ex- 
perimental arrangement this recovery pe- 
riod for full light action lasted about 20 


Table 1. Quantum requirement in 23 con- 
secutive experiments (mole quanta ab- 
sorbed by chlorophyll/mole devel- 
oped). 


Date 
(1957) 


Mar. 


Quantum 
requirement 


1 4.10 
3 3.68 
5 3.65 
3.58 
7 4.30 

14 3.65 
21 4.10 
22 3.22 
25 4.61 
27 3.90 
29 3.56 

Apr. 1 3.49 
3 4.75 
9 4.26 

10 4.65 

11 4.30 

15 7.51* 

17 3.92 

23 3.54 

24 2.92 

25 3.20 

26 4.62 


May 1 3.90 


* This was the single instance of a poor yield. 


minutes, and could therefore be followed 
very accurately in its time course. 

The photolyte is written as a chloro- 
phyll compound because the quantity of 
O, that the light can develop from the 
photolyte is equivalent to the chlorophyll 
content of the cells (6). This is impor- 
tant. We now no longer have any need 
to wonder how it is possible that the light 
energy is transferred without loss from 
the chlorophyll molecule to the photo- 
lyte molecule, since we now know that 
the light acts within the same molecule 
that absorbs it. The light reaction of pho- 
tosynthesis is thus nothing else than the 
photodissociation of a pigment, compar- 
able to the photodissociation of carbon 
monoxide-hemin compounds, and the 
quantum yield of 1 is almost self-evident. 

Upon adding the three equations of 
the reaction sequence, the photolyte is 
eliminated, and the net result is the split- 
ting of carbonic acid by 3 quanta of light, 
which is what one finds experimentally 
in the balance of photosynthesis. 

Nothing seems to be simpler than this 
solution of the quantum problem. Of the 
110,000 calories that are necessary for 
the splitting of 1 mole of carbonic acid, 
70,000 are provided by a respiratory 
process. The remaining 40,000 calories 
that the light provides is exactly the 
amount of energy of 1 mole quanta of 
red light. All quantum difficulties are 
thus eliminated. 

In order fully to appreciate this solu- 
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tion, one must reflect that in photosyn- 
thesis no energy would be gained, but 
rather lost, if the energy of the respira- 
tory process were taken from the energy 
store of the cells. Only because the res- 
piratory energy of reaction 2 is directly 
supplied by light is a net gain of energy 
attained. All detail is simple physics and 
chemistry. But the whole is a higher kind 
of physics and chemistry, devised by the 
genius of living nature. 

To conclude the discussion of ener- 
getics, I would like to describe an’ ex- 
periment that ought to be demonstrated 
to all students of biochemistry, because 
it confirms in the simplest possible way 
the requirement of our equations that 
there is no photosynthesis without res- 
piration. 

Figure 5 shows the experimental vessel 
that is to be attached to a manometer. 
The vessel contains Chlorella suspended 
in a carbonate-bicarbonate mixture that 
maintains the CO, pressure constant, so 
that pressure changes registered by the 
manometer can only be changes in O, 
pressure. The gas space contains argon 
and a very little oxygen. 


Fig. 5. Vessel for demonstration of the 
necessity of respiration for photosynthesis. 


* PHOTOSYNTHESIS 
/ © RESPIRATION 


MM Oz PRESSURE (MMOF WATER) 


Fig. 6. Respiration and photosynthesis at 
low pressures of Ox. 
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The essence of our experimental ar- 
rangement is that we employ the cells 
themselves to attain the desired low O, 
pressures. When we darken the cells the 
O, pressure sinks at once on account of 
the respiration; and when we illuminate 
the cells the O, pressure rises at once on 
account of the photosynthesis. This cycle 
can be repeated as often as desired with- 
out opening the vessel. The manometer 
shows us at any time the prevailing O, 
pressure, and the change in manometer 
fluid level shows us for any time period 
of pressure change the respective respi- 
ration or photosynthesis. We thus learn 
whether, and in what manner, respira- 
tion or photosynthesis changes as a func- 
tion of O, pressure. 

The result is shown graphically in Fig. 
6, in which the changes of respiration 
and photosynthesis are plotted against O, 
pressure. As one sees, both respiration 
and photosynthesis change with O, pres- 
sure, and indeed identically. An O, pres- 
sure of 3 mm of water is the half-satura- 
tion value for both processes, and 20 mm 
yields virtual saturation for both proc- 
esses. Below an O, pressure of 1 mm of 
water, respiration and photosynthesis are 
both very small. 

The experiment shows much more 
than that oxygen gas is necessary for 
photosynthesis. It shows that not merely 
traces of oxygen are necessary, but defi- 
nite and easily measurable pressures of 
oxygen, and that these pressures are nec- 
essary because they are necessary for the 
respiration. All is precisely as our equa- 
tions demand. Without respiration, no 
photosynthesis! 


Chemistry of Photosynthesis 


We now leave energetics and turn to 
the chemistry of photosynthesis. The 
problems posed here are clearly given by 
the results of the energetics. What hap- 
pens chemically to carbonic acid in the 
dark reaction of photosynthesis? Or, ex- 
pressed otherwise, what is the photolyte 
chemically? The gates to this field were 
opened by the following experiment (7). 

The main compartment of a conical 
manometric vessel (Fig. 7) contains a 
suspension of Chlorella, the side arm con- 
tains fluoride, and the gas space contains 
argon free of CO, and O,. The pH of 
the suspension and of the fluoride is 3.8. 
Upon tipping the fluoride from the side- 
arm into the main compartment, a vig- 
orous evolution of CO, from the cells 
takes place. From 100 mm of Chlorella 
cells, 30 to 40 mm® of CO, will be devel- 
oped in a few minutes. The content of 


Fluoride 


Sus pension 
of Chlorella 


Fig. 7. Vessel for measuring labile COs. 


this labile CO, in Chlorella is thus very 
great—greater, for example, than the 
content of oxyhemoglobin-O, in red 
blood cells. A trace of cyanide dimin- 
ishes the development of the CO,, from 
which one must conclude that it is an 
enzymic reaction that is activated by the 
fluoride. 


There are two facts of special interest 
about the fluoride reaction. First, if one 
expels the CO, with N/1000 fluoride 
anaerobically, and then passes O, into 
the suspension, the expelled CO, will for 
the most part be taken up again. The 
energy of the respiration induced by the 
added O, is necessary for this rebinding 
of CO,. Obviously, the analogy here to 
the dark reaction in photosynthesis is 
very far-reaching. 

Second, and equally important: if one 
expels the labile CO, from the Chlorella 
with low concentrations of fluoride, and 
then illuminates, photosynthesis is found 
to be inhibited; but if one removes the 
fluoride from the cells by washing, and 
waits until the CO, is again aerobically 
bound, the photosynthetic capacity is 
found to be restored. Labile CO, and 
photosynthesis are thus mutually de- 
pendent. 

We have spared no pains to discover 
what the chemical source of the labile 
CO, is. We have found that it is 1-glu- 
tamic acid (8), which occurs in Chlorella 
in loosely bound form to the extent of 
0.5 to 1 percent of the dry weight. This 
glutamic acid goes into the external 
medium when a Chlorella suspension is 
heated at 90°C for several minutes. If 
one determines the glutamic acid content 
of the centrifuged external medium be- 
fore and after a treatment with fluoride, 
one finds that as much glutamic acid has 
disappeared as CO, has been developed 
by the fluoride! 
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y-Aminobutyric acid is formed along 


‘with the CO, in the fluoride reaction. 


Aerobically, y-aminobutyric acid and 
CO, react in the cells to yield glutamic 
acid again, so that aerobically a station- 
ary state is set up between decomposition 
and resynthesis of glutamic acid: 


L-Glutamic acid = 
y-aminobutyric acid + CO, 


The a-decarboxylation of glutamic 
acid was discovered in bacteria in 1910 
by Ackermann and in green plant cells 
in 1937 by the Japanese Okonuki. Both 
the decomposition and resynthesis of 
glutamic acid can be demonstrated when 
one transfers the heated extracts of 
Chlorella onto chromatograph filter pa- 
per, develops with phenol-citrate solu- 
tion, and sprays with ninhydrin in the 
standard way. 

As known test substances for the 
chromatogram, we have employed as- 
partic acid, glutamic acid, alanine, and 
y-aminobutyric acid. The experimental 


y-amino 
butyric acid 


Alanine 


Glutamic 
acid 


Standard - m/80 - m/80 
F NaF NaF 


Fig. 8. Action of N/80 fluoride: no dif- 
ference aerobically and anaerobically 
(phenol-citrate-phosphate; Whatman fil- 
ter No. 1 unidimensional). 


20' aerobic anaerobic 


y-amine 
a butyric acid 


‘Alanine 


acid 


Aspartic 
acid 


Standard m/10b0 m/1000 
; N NaF NaF 
aerobic anaerobic angerobic: 

Fig. 9. Action of N/1000 fluoride; large 
difference aerobically and anaerobically 
(phenol-citrate-phosphate; Whatman fil- 
ter No. 1 unidimensional). 
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runs in Fig. 8 show that under its nor- 
mal living conditions Chlorella contains 
little aspartic acid, much glutamic acid, 
much alanine, and no y-aminobutyric 
acid. We presume that the glutamic acid 
is combined with the chlorophyll, since 
normally cultured cells contain one to 
two molecules of glutamic acid per mole- 
cule of chlorophyll. In N/80 fluoride the 
glutamic acid decreases and appears as 
y-aminobutyric acid. This result is ob- 
tained both anaerobically and aerobi- 
cally, since at this high concentration of 
fluoride no glutamic acid will be resyn- 
thesized. 

In the experiment of Fig. 9 the fluo- 
ride concentration was only N/1000, and 
here one sees a great difference anaero- 
bically and aerobically. Anaerobically the 
decomposition is very extensive, but aero- 
bically it is small. 

The more the glutamic acid is de- 
stroyed, just so much the more is the 
photosynthesis inhibited. For example, 
two different concentrations of fluoride 
were added to aliquot Chlorella suspen- 
sions under aerobic conditions, and the 
glutamic acid content and photosynthesis 
measured. Table 2 shows how closely de- 
composition of glutamic acid and inhi- 
bition of photosynthesis parallel each 
other. 

Continuation of these experiments 
brought forth a further connection be- 
tween glutamic acid and CO,. A study 
of the binding of CO, by Chlorella at 
different pressures of CO, showed that 
the labile CO, is not only bound as the 
a-carboxyl of glutamic acid but in addi- 
tion an equal quantity of CO, is disso- 
ciably bound under aerobic conditions. 
This dissociable CO, is also given off 
when the glutamic acid in the cells is de- 
composed. The saturation value of the 
dissociating CO, is very nearly equal to 
the glutamic acid content of the cells. 
The formation of carbamino-glutamic 
acid is perhaps involved in the dissoci- 
able complex. 

In conclusion I may mention further 
that we have begun to study the be- 
havior of amino acids in photosynthesis 
with the help of radioactive CO,. The 
main compartment of a manometric ves- 
sel (Fig. 10) is filled with a suspension 


of Chlorella, the Siamese side arm in one. 


part with C14-carbonate and the other 
part with excess lactic acid. Upon tip- 
ping the acid onto the carbonate, a pres- 
sure of radioactive CO, is obtained in 
the gas phase. Vessels so prepared were 
illuminated 4, 1, or 5 minutes and then, 
along with dark control vessels, im- 
mersed in hot water in order to stop all 
enzymatic reactions and at the same time 


i f 2N actic acid 
Suspension/ 2N lactic ac 


of Chlorella 


Fig. 10. Manometric vessel for experi- 
ments with radioactive COs. 


extract the soluble materials fram the 
cells. After centrifugation, the heated ex- 
tracts were chromatographed in two di- 
mensions, and measurements were made 
with a Geiger counter. 

It can be seen from Table 3, first, that 
the amino acids, alanine and aspartic 
acid, rapidly became radioactive—in- 
deed, more rapidly than the phosphory- 
lated glyceric acid, contrary to previous 
reports in the literature for experiments 
of this general type. Second, the table 
shows that aspartic acid and alanine be- 
come radioactive more quickly than glu- 
tamic acid, so that one can think that an 
alanine-aspartic acid system enters be- 
fore the glutamic acid system. Mano- 
metric experiments alone have not as yet 
given any such indication, and one must 
wait until combined radiometry, manom- 
etry, and bolometry have become so far 
developed quantitatively that one can 
draw more certain conclusions. Radiom- 
etry alone has already led to a multi- 
plicity of errors. 


Summary 


With the establishment of conditions 


‘for optimum culturing and measurement, 


there is now final proof that in photo- 


Table 2. Comparative action of fluoride 
on decomposition of glutamic acid and 
on inhibition of photosynthesis. 


Fluoride position of pre 
concen- glutamic ° 
tration acid 
(%) (%) 
N/640 21 18 
N/320 64 64 
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Table 3. Geiger counter impulses per minute by chromatographed heated extracts of 10 


mm! of Chlorella cells. 


Geiger counter impulses per minute 


Amino acid or 


other material dark, dark, 


0.5 min 0.5 min 


dark light 


10min 10min 


5 min 
dark, 
5 min 
light 


5 min 5 min 
dark, dark, dark, 


lmin 11min 5 min 


dark light dark 


5 min 


Aspartic acid 8520 18750 
Glutamic acid 1136 1614 
Alanine 710 6950 
Phosphorylated sugar 

and glyceric acid 95 3451 
Nonphosphorylated sugar 


Not determined 


9320 14205 8000 
1096 1900 3350 
940 19000 817 


30100 
17000 
37500 


147 9800 523 
143 113 857 


23800 
2726 


synthesis at high as well as low light in- 
tensities the light energy can be almost 
completely converted into chemical en- 
ergy. There is thus drawn to a close an 
investigation that was initiated many 
years ago in Berlin in the Imperial In- 
stitute of Physics (9). 

The second result is the establishment 
of a general physical mechanism of pho- 
tosynthesis, involving an interplay be- 
tween light energy and respiratory en- 
ergy, and therewith the solution of the 
quantum problem in photosynthesis. 

The third result is the establishment 
of the function of chlorophyll as a 
stoichiometric, chemically reacting com- 
ponent in photosynthesis. 

There remains the special chemistry 
of photosynthesis. In this still-unfinished 
field of investigation, the latest discovery 
is the labile carbon dioxide of Chlorella, 
connected with the decomposition and 
resynthesis of glutamic acid in living 
Chlorella, and connected with the pos- 
sible function of the amino acids, aspar- 
tic and glutamic, in the binding and re- 
duction of carbonic acid. The dissocia- 
ting CO, is bound by Chlorella only in 
the presence of O, and of cellular glu- 
tamic acid. This CO, is released if the 
oxygen pressure is lowered below 2 mm 
of water or if—in the presence of oxy- 
gen—the glutamic acid is split in the 
living Chlorella, for example, by N/10,- 
000 benzoquinone. This is the CO, that 
is used in light and taken up in the 
dark (8). 


Remarks 


1) Quantum requirement the 
United States. In the years 1938 to 1948 
the quantum requirement of photosyn- 
thesis was measured in various institutes 
in the United States with the result that 
12 to 20 quanta were found to be re- 
quired by Chlorella for the development 
of one molecule of O,. The average 
value was 16. The value of 12 was re- 
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garded as the optimum value. A few, 
including Dean Burk and van Niel, dis- 
sented, but the interpreters and advo- 
cates of the high quantum numbers, 
James Franck and Eugene Rabinowitch, 
maintained the upper hand. In 1941 
Franck and Gaffron (10) wrote, “We 
know now that the high efficiency is 
only apparent and that the true efficiency 
is probably only a third of it, namely 12 
quanta per molecule CO, reduced” (ital- 
ics added). The “photosynthetic unit” 
in Urbana, Emerson and Rabinowitch, 
stayed with the high quantum numbers 
until at least 1952 (71). Later, under the 
influence. of the Dahlem investigations, 
the quantum numbers reported in the 
United States sank, and today approach 
the Dahlem number of 4 to 3 (12). 

2) Light reaction and dark reaction, 
According to the equations of the light 
and dark reactions, which can be sepa- 
rated in point of time, CO, is taken up 
anew in the light reaction, so that the 
ratio CO,/O, is about —1 in the light 
reaction per se (although the CO, from 
which the oxygen is developed may not 
be the CO, that is taken up). However, 
this holds only for optimally cultured 
cells whose quantum requirement in the 
balance is 3 to 4. Other cells, for ex- 
ample those grown at a south window 
with added constant artificial illumina- 
tion, may take up CO, more slowly, so 
that the ratio CO,/O, in the light reac- 
tion is not — 1 but lies between — 1 and 0. 
In the latter extreme the new CO, is 
first taken up in the dark reaction fol- 
lowing cessation of illumination. Thus 
there are two reactions of CO, to be dis- 
tinguished: the binding of CO,, and the 
transformation of bound CO, into the 
photolyte. In the case of optimally cul- 
tured cells, these two reactions of CO, 
may be completely separated, whereas 
the O, development and the binding of 
CO, take place simultaneously and 


equally. In the less active cells the two , 


reactions of CO, are not separated in 
time, whereas O, development and CO,- 


binding are separated. The unraveling of 
these relations has cost many experi- 
ments. 

3) The unit of 2500 chlorophyll mole- 
cules. In 1932 Emerson and Arnold (1/3) 
attempted to apply our methods of inter- 
mittent illumination (/4) to photosyn- 
thesis. For example, with very short, very 
bright light flashes and relatively long 
dark periods, they determined the maxi- 
mum quantity of O, that appeared to be 
developed in one light flash. Comparison 
of this quantity of O, with the chloro- 
phyll content of the cells showed that 
2500 molecules of chlorophyll could de- 
velop one molecule of O,. In contrast, 
we find, without intermittent light, and 
with direct measurement of the light re- 
action during inhibition of the dark reac- 
tion, that one molecule of chlorophyll 
can develop one molecule of O,. There 
is thus a discrepancy of three powers of 
10, depending upon whether the ratio’ 
chlorophyll/oxygen is measured with in- 
termittent light or directly. As Dean 
Burk (15, 16) has shown, however, the 
intensity of the light flash in the experi- 
ments of Emerson and Arnold was sev- 
eral orders of magnitude too low—that 
is, entirely insufficient—to decompose all 
the photolyte in the very short time of 
the light flash (~ 10-5 second). 

4) Burst of carbon dioxide. Accord- 
ing to Emerson and Lewis (17), pho- 
tosynthesis begins with a burst of CO, 
evolution. This phenomenon was dis- 
covered manometrically with the two- 
vessel method, without, however, main- 
taining the essential requirement of the 
method. Instead of both vessels being 
illuminated simultaneously, an interval 
of 8 to 24 hours took place between illu- 
mination of one vessel and the other. 
This procedure remeved the essential 
condition of the two-vessel method, 
namely, that in the two unequal vessels 
the same chemical change must occur. 
If one properly measures, as nowadays 
prescribed, the O, development in both 
vessels simultaneously with a divided 
light beam, one never finds at the be- 
ginning of the illumination a burst of 
CO, out of the living cells, but always 
and only a burst of O,, corresponding to 
true photosynthesis. 

5) The experiments of Ruben and 
Kamen. When Chlorella were illumi- 
nated in a_ bicarbonate solution in 
which the oxygen of the water, but not 
that of the carbon dioxide, was isotopi- 
cally marked, the O, developed was 
marked. Ruben and Kamen (18) con- 
cluded that the light decomposed pri- 
marily the H,O but not the CO,. Ob- 
viously this conclusion would have been 
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correct only if one could have brought 
forth the improbable argument that in 
light not the hydrate but only the anhy- 
dride of carbon dioxide reacted. 

6) “Hill” reactions. If one suspends 
Chlorella cells in nitrate-nitric acid mix- 
ture, the cells develop O, for many hours 
when illuminated in the absence of CO,, 
according to the equation 


HNO; + H:O = NH; + 202, 

a reaction that was discovered in 1920 
(19). The mechanism of this reaction 
has been clarified as follows: the nitric 
acid oxidizes in a dark reaction the car- 
bon of cell organic matter to carbon 
dioxide, and then, in light, splitting of 
the carbon dioxide into C and O, occurs, 
as in ordinary photosynthesis: 
(Dark) HNO, + 2C +H,O = NH, + 2CO, 
(Light) 2CO, = 2C + 20, 
(Balance) HNO, + H,O = NH, + 20,. 

In 1955 we found (20) that one can 
replace the nitric acid by ferricyanide: 


(Dark) 4Fe*+ + C + 2H,O = 4Fe*+ + 4H+ + CO, 
(Light) co,=C +O, 
(Balance) 4Fe*+ + 2H,O = 4Fe*+ + 4H+ + O,. 


Both reactions, with living Chlorella, 
appear in the balance as though water 
were decomposed by light, and as though 
the oxidizing agent acted only as a hy- 
drogen acceptor, whereas in reality the 
light reaction is ordinary photosynthesis. 

If, in the experiments with living 
Chlorella, one substitutes quinone for the 
nitric acid or the ferricyanide, CO, can- 
not participate in the development of 
O,, since quinone completely inhibits the 
splitting of CO,. Likewise, with green 
grana, CO, cannot participate in the de- 
velopment of O, since illuminated green 
grana are unable to reduce CO,. 

One must therefore either postulate 
two different mechanisms of photochem- 
ical O, development in green grana and 
in intact cells, which is improbable, or 
one must attempt to find a common ex- 
planation for the two phenomena: for 
water decomposition with intermediate 
photosynthesis, and for water decompo- 
sition without intermediate photosynthe- 
sis (6). 

7) The experiments of F. W. Allen. 
In order to test whether photosynthesis 
without QO, is possible, Allen (2/), at the 
suggestion of James Franck, made use of 
the fact that the phosphorescence of 
many dyes is diminished by traces of O,. 
A stream of nitrogen containing CO, was 
conducted over glowing copper, from 
there over water, then over a suspension 
of Chlorella, over liquid nitrogen, and 
finally over the dye acriflavin adsorbed 
on silica gel. Allen still found detectable 
photosynthesis at an O, pressure of 10-¢ 
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mm-Hg; whereas our manometry in 
closed vessels showed, without possibility 
of error, that below 10-? mm-Hg photo- 
synthesis in Chlorella is very small. What 
is the meaning of this discrepancy of five 
powers of 10? 

The method of James Franck must be 
calibrated empirically—that is, each O, 
pressure yielding a given phosphores- 
cence must be analytically determined. 
Furthermore, O, pressures of the order 
of magnitude of 10-° mm-Hg must be 
produced, maintained, and analytically 
measured in a rapidly flowing gas. Any- 
one who is accustomed to performing ex- 
periments himself knows that this is an 
almost insoluble task. In any event, the 
analytical determination of traces of O, 
is the key aspect of the Franck method, 
and since Allen himself remained silent 
about this point, one must seek the mis- 
take here. The calibration was obviously 
false by five powers of 10. 

On the other: hand, experiments of 
Hill and Whittingham (22) agree very 
well with our results. These workers 
added reduced hemoglobin to a suspen- 
sion of Chlorella and determined the O,- 
development upon illumination by opti- 
cal measurements of the resulting oxy- 
hemoglobin. They found that photosyn- 
thesis already began to fall off at an O, 
pressure of about 2 mm-Hg. 

8) The experiments of Allan Brown on 
“light-respiration.” When the light reac- 
tion and the dark reaction overlap in 
photosynthesis under normal conditions, 
two-thirds of the O, developing in the 
light will be reabsorbed so rapidly that 
one can think of the oxygen as oscil- 
lating between the free state and a 
binding with carbon. If the molecular 
O, provided the Chlorella is isotopically 
marked, whereas the CO, provided is 
not marked, one cannot expect that 
more marked O, will be consumed in 
light than in darkness, since in light, 
on spatial grounds, the unmarked O, 
photosynthetically produced within the 
cells will be consumed more rapidly 
than the externally available marked O, 
that must diffuse into the cells. Brown 

(23) found, in fact, that in light there 
was no increase in marked respiration, 
but often even a decrease of marked 
respiration; that is, not only the light 
respiration but also the dark respiration 
favored the unmarked oxygen produced 
within the cells photosynthetically from 
unmarked photolyte. This is a beautiful 
example of “isotopic discrimination.” 

The light respiration during illumina- 
tion has also been the object of at- 
tempted measurement elsewhere, for ex- 
ample by Weigl, Warrington and Calvin 


(24), who illuminated green cells in 
marked CO, and expected that in light 
unmarked CO, would be given off in in- 
creasing quantity. They found, however, 
no increase in unmarked CO.,, quite in 
agreement with our equations, from 
which it follows that the light respira- 
tion must be marked when the CO, is 
marked. 

In fact, the light respiration can only 
be measured as it was first discovered 
(4): when it is separated in time from 
O, development (25, 26). 
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Konstantin Nikolayevich Kornilov was 
born in Siberia, 9 March, 1879. He died 
in Moscow, 10 July, 1957. An idealistic 
populist (in Russian, Narodnik) in his 
youth, he did not enter a university until 
after he had paid his debt to society and 
contributed to the education of the 
masses by teaching elementary school for 
several years. He was graduated from the 
Historico-Philological Faculty of Moscow 
University in 1910 and was retained at 
the university as an assistant to G. I. 
Chelpanov, the leading Wundtian experi- 
mental psychologist in pre-Soviet Rus- 
sia. Kornilov’s research interests turned 
quickly to the study of simple reactions, 
which he investigated, by means of a 
specially constructed dynamoscope, with 
respect not only to speed but also to 
force and form of movements. Varying 
the types of reactions and correlating 
physical measurements with types and 
with his subjects’ introspections, Korni- 
lov arrived at the view that the “product 
of expenditure of physical and mental 
energy in human reactions is a constant” 
and, generalizing, that “mental processes 
are inhibited will reactions.” 

After the Revolution, Kornilov’s first 
publications were in the immediate area 
of service to educational psychology. Yet 
he continued experimenting intensively 
on reactions in the laboratory, finally 
raising such studies to the status of an all- 
embracing school of psychology, named 
reactology. “Psychology is the science of 
the reactions of the individual: their 
chronometry or speed; their dynamom- 
etry or force; their ‘motographics’ or ex- 
tent, rate, and form; their psychological 
complexity [a hierarchy of seven reac- 
tions was noted]; their contents or social 
import; and their inter- and intra-indi- 
vidual differences.” To these were added 
(i) wholeness (in Russian, Tselostnost’) : 
organismically, total behavior dominates 
individual-reaction behavior and, socie- 
tally, “we must always proceed, not from 
individual to social psychology, but from 
social and class psychology to group, oc- 
cupational, and individual psychology”; 
and (ii) economic prepotency: “the so- 


K. N. Kornilov, Theoretical 
and Experimental Psychologist 


cial aspects (the contents) of man’s reac- 
tions are a variate function of a particu- 
lar economic class.” 

Kornilov’s reactology, represented as a 
Hegelian synthesis of behavior and con- 
sciousness psychologies, reflexes and Be- 
wusstseinslagén, will and determinism, 
holism and atomism, and quantitative and 
qualitative emphases and, allowing gen- 
erously for Marxian economics, quickly 
became the dominant school of psychol- 
ogy in the Soviet Union of the 1920’s. 
His Textbook of Psychology from the 
Standpoint of Dialectical Materialism 
went through five Russian editions be- 
tween 1926 and 1931 and was translated 
into a number of languages. He became 
the director of the country’s most impor- 
tant research center, the Moscow Insti- 
tute of Psychology, in 1923, and the 
editor of Russia’s first pure (unhyphen- 
ated) psychological periodical, Psikho- 
logiya, in 1928, 

However, quick as the rise of reac- 
tology was, its demise was even quicker. 
Soon after the publication of Lenin’s 
Philosophical Notebooks (his marginal 
comments on the philosophical books 
that he read), in 1929-1930, the Com- 
munist cell of the Moscow Institute of 
Psychology initiated a series of intensive 
discussions of the basic premises of re- 
actology and reached negative conclu- 
sions. The exact text of the discussions 
and criticisms was not published, but 
later articles indicate that the charges 
revolved around the following points. 
(i) Man as a mere reacting organism is 
too passive a conception for the action- 
ism of Lenin and Marx and Engels. (ii) 
The view that the physical and the men- 
tal (or the peripheral and the central) in 
human reactions complement each other 
implies that psychical processes are “the 
other side of physiological processes,” 
whereas the Leninist position is that the 
“psyche and consciousness are true re- 
flectors of objective physical reality.” 
(iii) Reactology leads to either psycho- 
physical parallelism or epiphenomenal- 
ism—the first, reactionary-idealistic, the 
second, vulgarly mechanistic, and both 


failing to accord to consciousness its 
proper activist Leninist role in transform- 
ing nature, man, and society. (iv) In 
practice, reactology has become a variety 
of behaviorism, and behaviorism is essen- 
tially a school in the service of American 
capitalism—a psychology of man as an 
automaton permitting more ruthless ex- 
ploitation and more deceitful decoying 
of the working class (sic!), At any rate, 
beginning with 1931, reactology disap- 
peared wholly from Soviet psychological 
writings, not excepting the writings of 
Kornilov himself. 

Kornilov, however, remained a leading 
—though no longer the leading—figure 
in Soviet psychology. He lost the director- 
ship of the Moscow Institute of Psychol- 
ogy but continued as editor of Pstkho- 
logiya, became dean and later head of 
the department of psychology of the 
Moscow State Institute of Pedagogy, 
and was elected vice president of the 
Soviet Academy of Pedagogical Sciences 
(established in 1943). Moreover, he con- 
tinued to contribute a considerable num- 
ber of significant articles on psychological 
theory and practice to a variety of Soviet 
periodicals and continued as a prolific 
writer of textbooks, which in terms of 
Soviet psychology, it must be remem- 
bered, is a high honor and distinction. 
His Psikhologiya (with Teplov and 
Shvarts) came out in 1938 (second edi- 
tion in 1941); Psikhologiya designed for 
secondary schools and printed in an edi- 
tion of 100,000 copies, was published in 
1946; and Psikhologiya (with Smirnov 
and Teplov), which for a number of 
years was the country’s sole college text- 
book in the field, came out in 1948. 
Kornilov became the editor of Semya 
and Shkola (“Family and School”) in 
1946 and a member of the editorial 
board of Voprosy Psikhologit in 1955 
(the year of its founding). 

The last article by Kornilov that I 
read appeared in the 1955 July-August 
issue of Voprosy Psikhologit under the 
title of “Problems of Soviet psychology.” 
The article is strikingly reminiscent of one 
he wrote in 1925, under the title of “Psy- 
chology and Marxism.” Soviet psychol- 
ogy has in these 30 years passed through 
a complete evolutionary cycle—or an ex- 
panding Hegelian helix, they might say. 
It has returned to Pavlov! Accordingly, 
as in 1925, Kornilov sets out to argue 
that psychology must not and could not 
be liquidated by physiology, that it has 
its own specific scientific laws and meth- 
ods, and that the unity of the brain and 
mind does not mean identity. Moreover, 
though this time Kornilov pays unmis- 
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takable tribute to the correctness of Pav- 
lov’s laws of higher nervous activity, he 
is, on the other hand, more explicit in 
his claims that human psychology has 
supraphysiological status, that it is more 
a social than a biological science, and 
that its key concept of human person- 


ality involves sociohistorical as well as 
psychological and physiological factors. 
Kornilov’s concern with basic problems 
of Soviet psychology was indeed a mat- 
ter of life-long dedication. And—this 
should be especially noted—he somehow 
managed at all times to keep afloat, in 
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United States Euratom Program 


On 23 June the President transmitted 
tc Congress an international agreement 
between the United States and the 
European Atomic Energy. Community 
(Euratom). Under the United States 
Atomic Energy Act, Congressional ap- 
proval of this instrument is necessary 
prior to entering into a U.S.-Euratom 
agreement for cooperation which would 
embrace a 1-million-kilowatt joint pro- 
gram of nuclear power development. 

This program involves the construc- 
tion by 1963 in the six Euratom coun- 
tries—Belgium, France, the Federal Re- 
public of Germany, Italy, Luxembourg, 
and the Netherlands—of approximately 
six large-scale nuclear power plants 
based on United States type reactors. 
This would provide sufficient electrical 
generating capacity to meet the power 
requirements of more than 5 million 
people in the Euratom area. An outline 
of the proposed United States—Euratom 
program follows. 

Objectives. The aim of the joint pro- 
gram will be to bring into operation in 
the Community by 1963 about 1 million 
electric kilowatts of installed nuclear 
capacity, in reactors of proven types de- 
veloped in the United States, and to in- 
itiate immediately a joint research and 
development program centered on these 
reactors. The program would be con- 
ducted so as to obtain maximum support 
of the industries of the Community and 
of the United States. The active par- 
ticipation of industries is indispensable to 
the success of the program. 

Capital costs. The total capital cost, 
exclusive of fuel, is estimated not to ex- 
ceed $350 million. These funds will be 
provided by the participating utilities 
and other European sources of capital, 
such financing to be arranged with the 
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appropriate assistance of Euratom. Up 
to $135 million would be provided by 
the United States Government to Eura- 
tom in the form of a long-term line of 
credit from the Export-Import Bank. 
These funds will be re-lent by Euratom 
for the construction of nuclear power 
plants. 

Operation of plants. The nuclear 
power plants will be built, owned, and 
operated by utilities in the member 
states. All risks due to uncertainties in 
construction, maintenance, and operat- 
ing costs and load factors will be borne 
directly by these utilities. In the course 
of the negotiation it was determined that 
the economic risks associated today with 
the reactor fuel cycle must be minimized 
if participation by the European utility 
industry is to be assured. To this end, 
the United States, for a 10-year period 
of operation, will guarantee ceiling costs 
for the fabrication of the fuel elements 
required, as well as a fixed life for these 
elements. 

Research program. A research and de- 
velopment program, established for a 
10-year period, will be centered on im- 
provement in the performance of the re- 
actors and the lowering of fuel cycle 
costs. During the first 5 years, the finan- 
cial contribution of the Community and 
the United States will amount to about 
$50 million each, with the sum required 


for the second 5-year period to be deter- ~ 


mined at a later date. 

Fuel requirements. Under the arrange- 
ments proposed, the United States would 
sell to the Community a net quantity of 
30,000 kilograms of contained U?** in 
uranium to cover the fueling and other 
requirements of the program for such 
material over a 20-year operating period. 
The initial operating inventory, which 
amounts to approximately 9000 kilo- 
grams of contained U?85, would be sold 


fact to be most oi the time in the fore- 
front, untoward and adverse trends to 
the contrary notwithstanding. Soviet 
sources have it that Kornilov was not a 
member of the Communist party. 
Grecory Razran 
Queens College, Flushing, New York 


to the Community on a deferred pay- 
ment basis. The balance of about 20,000 
kilograms—which represents estimated 
burn-up and process losses over the 20- 
year period, and 1000 kilograms to pro- 
vide for research and test reactors asso- 
ciated with the program—would be paid 
for on a current basis. 

The U.S. Atomic Energy Commission 
will process in its facilities, at established 
U.S.domestic prices, spent fuel ele- 
ments from the reactors to be included 
in the program. 

Special nuclear materials. With respect 
to any special nuclear material produced 
in reactors fueled with materials ob- 
tained from the United States under this 
joint program, which is in excess of the 
need of the Community for such mate- 
rial for the peaceful uses of atomic 
energy, the International Atomic Energy 
Agency would have the right of first 
option to purchase such material at the 
announced fuel value price in effect in 
the United States at the time of pur- 
chase. In the event this option is not 
exercised by the agency, the United 
States would be prepared during the first 
10 years of reactor operation to purchase 
such material at the U.S.-announced fuel 
value price in effect at the time of pur- 
chase. 

Data exchange. Technological and 
economic data developed under the pro- 
gram would be made available to the 
industries within the Community and 
the United States under provisions de- 
signed to assure the widespread dissemi- 
nation of the information developed in 
the course of the program. 

Safeguards system. Under the pro- 
gram the Community will assume re- 
sponsibility for the establishment of a 
safeguards system which will be formu- 
lated in accordance with agreed upon 
principles. This system will be designed 
to assure that the materials received 
from the United States, as well as spe- 
cial nuclear material produced there- 
from, will be used only for peaceful pur- 
poses. The proposed agreement for 
cooperation with the Community pro- 
vides that there will be frequent con- 
sultation on the operation of the system. 
Continuation of the cooperative program 
will be contingent upen the Commun- 
ity’s establishing and maintaining a mu- 
tually satisfactory safeguards system. 

The Community also has agreed to 
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consult with the International Atomic 
Energy Agency to assure the develop- 
ment of a safeguard system reasonably 
compatible with that of the agency. In 
addition, in the event of the establish- 
ment of an international safeguards and 
control system by the International 
Atomic Energy Agency, the United 
States and Euratom will consult regard- 
ing assumption by that agency of the 
safeguards and control over fissionable 
material utilized and produced in im- 
plementation of the joint program. 


Basic Curriculum Study 


How much should a student know 
about himself and his world after 12 years 
of schooling? In an attempt to find an 
answer, the Council for Basic Education, 
Washington, D.C., has brought together 
a group of men and women representing 
many agencies concerned with the prob- 
lem. The council, headed by Howard A. 
Meyerhoff, president, has received a 
grant of approximately $34,000 from the 
Relm Foundation, Ann Arbor, Mich. 

The council’s planning group met re- 
cently to discuss the first phase of a 
“Basic Curriculum Study”—a study di- 
vided into four phases from which will 
come, over a period of several years, a 
series of publications dealing with the 
basic curriculum, with the preparation 
of teachers, with the gifted child, and 
with a system of national academic 
achievement examinations. Each publi- 
cation will be the subject of a national 
conference, the first one to be held next 
fall in Washington, D.C. 

At that meeting an effort will be made 

to define the level of attainment that 
graduating high school students should 
reach in what the Council calls the basic 
subjects: English, history, foreign lan- 
guages, geography, mathematics, biol- 
ogy, chemistry, and physics. An out- 
standing scholar in each subject will 
‘present a paper describing, for his par- 
ticular field, the proper educational aims 
of the public school. The papers will be 
published subsequently in the form of a 
citizen’s handbook that will be made 
widely available. 


Conservation Slide Rule 


Research data on soil conservation, 
gathered by U.S. Department of Agri- 
culture scientists over the past 30 years, 
is now readily available for practical use 
by technicians in the form of a simple 
conservation slide rule that makes: pos- 
sible fast and reliable soil-loss estimates 
right in the field. This slide rule, devel- 
oped from information compiled by sci- 
entists of USDA’s Agricultural Research 
Service, is in use by soil-conservation 


technicians in the nine Corn Belt States 
to help farmers protect their land. It was 
designed by J. J. Pierre of the Soil Con- 
servation Service, using information pre- 
viously available to soil conservation tech- 
nicians only in tabular and chart form. 
Although the present slide rule is adapted 
only to Kentucky, Minnesota, Iowa, Mis- 
souri, Wisconsin, Illinois, Indiana, Ohio, 
and Michigan, research information is 
being developed to make similar predic- 
tion methods available to soil conserva- 
tion technicians in other parts of the 
United States. 

Since 1929, soil and water conserva- 
tion experiment stations throughout the 
country have been studying the most im- 
portant factors governing the amount of 
soil and water lost from farmland during 
rainstorms. All these factors except rain- 
fall itself are influenced to some extent 
by the method of cropping and conser- 
vation practices used. 

The rate of erosion caused by storms 
depends on the force with which rain- 
drops stir up soil and the amount and 
speed of the runoff water. Erosion is also 
affected by the kind of soil, kind and 
amount of soil cover, and steepness and 
length of slope, as well as soil-manage- 
ment and conservation practices. When 
enough experimental data are available 
to give accurate relative values for these 
various factors, mathematical methods 
can be used to estimate or predict soil 
loss on a particular farm. 


Medical Research in Australia 


Last March Sir Howard Florey, in the 
presence of the Prime Minister of Aus- 
tralia, opened the new building of the 
John Curtin School of Medical Research 
at the Australian National University in 
Canberra. The National University was 
founded in 1946 as a national center for 
research and research training, initially 
in the fields of physical sciences, medical 
sciences, and the social sciences. 

There had long been complaints in 
Australia that many of the most able sci- 
entists left the country because of the 
greater attractions in universities and re- 
search institutions in Great Britain. Such 
complaints applied more to the medical 
sciences than to other natural sciences, 
for which the large and varied labora- 
tories of C.S.I.R.O. provided first-class 
facilities, whereas the only medical re- 
search institute in Australia with an 
international reputation was the rela- 
tively small Walter and Eliza Hall Insti- 
tute in Melbourne. 

In a report to the Commonwealth 
Government in 1944, Florey suggested 
that a national institute for advanced 
medical sciences should be set up in Aus- 
tralia, and the John Curtin School of 
Medical Research, established as an in- 


tegral part of a university devoted to 
research and research training, is the re- 
sult of this suggestion. Florey was inti- 
mately associated with the development 
of the school from the time of his report 
until 1955, and the building he opened in 
March is a monument to his inspiration 
and drive. 

There were no laboratories in Can- 
berra in 1948 when the first professor was 
appointed, so the departments were 
started in laboratory space lent by several 
institutions—biochemistry at the Com- 
monwealth Serum Laboratories, Mel- 
bourne; medical chemistry at the Well- 
come Research Institution in London; 
microbiology at the Walter and Eliza 
Hall Institute in Melbourne; experimen- 
tal pathology in Florey’s laboratories in 
Oxford; and physiology in the University 
of Otago in New Zealand. 

In 1951 temporary laboratories were 
built in Canberra. These were occupied 
between 1952 and 1957, when the depart- 
ments were transferred to the present 
building, a brick structure of about 170,- 
000 square feet in floor area. At present 
the total research staff is about 40 and 
there are some 20 Ph.D. students. 


Research Institutes in the US.S.R. 


A revised Directory of Medical and 
Biological Research Institutes of the 
U.S.S.R. has been issued by the National 
Institutes of Health, Public Health Serv- 
ice. The 1958 Directory lists more than 
700 institutes with their subdivisions, 
and includes a general subject and name 
index. Its purpose is to facilitate the ex- 
change of scientific information between 
the United States and the U.S.S.R., to 
provide materials for study of the organi- 
zation of Russian biomedical research, 
and to assist scientists in planning visits 
to Russian research centers. 

A limited supply of the 1958 edition 
(PHS Publication No. 587) is available. 
Requests for single copies should be ad- 
dressed to the Publications and Reports 
section, Scientific Reports Branch, Na- 
tional Institutes of Health, Bethesda 14, 
Md. 


Mental Health 


Plans for a World Mental Health 
Year in 1960 sponsored by 108 mental 
health and professional societies in 43 
countries and territories have been an- 
nounced by the New York Office of the 
World Federation for Mental Health. 
Following the pattern of the Interna- 
tional Geophysical Year, the purpose of 
the program is to stimulate mental health 
activities, including research, with a 
maximum of international cooperation. 
The federation, a non-governmental or- 
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ganization which includes 29 societies in 
the United States and 79 in 42 other 
countries, reports a world-wide increase 
in work for the promotion of mental 
health during the 10 years since it was 
organized, not only in countries where 
it has member societies, but in a number 
of others with which it has no formal 
link. 

Five major mental health objectives 
have been singled out for intensive ef- 
fort: (i) to increase the study of child 
development in different countries; (ii) 
to increase the knowledge of the many 
causes and the distribution of mental ill- 
ness; (iii) to improve and extend the 
teaching of the principles of mental 
health in medical and nursing schools, 
teacher training colleges, schools of so- 
cial work, theological seminaries and 
similar centers of professional training; 
(iv) to develop knowledge and _tech- 
niques for dealing with the human rela- 
tions problems which arise in industries 
and all types of occupations; and (v) to 
encourage the study and creation of bet- 
ter methods of preventing and dealing 
with psychological problems arising from 
migration within and between countries, 
whether voluntary or involuntary. 

In addition to the major objectives, 
each country is being encouraged to de- 
velop more extensive national programs, 
particularly in those aspects having areas 
of special local significance. The United 
States, with its 29 member societies, will 
conduct a program on a larger scale than 
most other countries. To coordinate ac- 
tivities in the U.S., a steering committee 
has been named as follows: Marian J. 
FitzSimons, Frank Fremont-Smith, John 
P. Gillin, Alberta Jacoby, Marian 
McBee, Mabel Ross, Ruth Simonson, 
George S. Stevenson and Mottram P. 
Torre. 

Responsibility for financial support of 
plans and projects within the United 
States has been assumed by the World 
Federation for Mental Health: United 
States Committee, Inc. This committee, 
formerly known as the International 
Committee for Mental Health, was 
founded by Clifford Beers in 1930. Its 
present officers are: Mrs. Clifford W. 
Beers, Earl D. Bond, Arthur H. Ruggles 
and Mrs. Henry Ittleson, honorary presi- 
dents; Mrs. Charles S. Ascher, presi- 
dent; Mrs. Jonathan Bingham and John 
A. P. Millet, vice presidents; Frank Fre- 
mont-Smith, general secretary; and 
George S. Stevenson, treasurer. 


Grants, Fellowships, and Awards 


General. Applications will be accepted 
through 15 October by the National Sci- 
ence Foundation for both the senior post- 
doctoral and science faculty fellowships. 
Henceforth, these fellowships will be 
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awarded annually in December rather 
than biannually as awarded in previous 
years. Awards will be made in the math- 
ematical, physical, and engineering sci- 
ences; medical and biological sciences, 
including anthropology and psychology 
(excluding clinical psychology); and in 
selected fields of social science. Included 
as well are interdisciplinary fields which 
overlap two or more scientific disciplines. 

To be eligible for senior postdoctoral 
fellowships, candidates must be citizens 
of the United States with special apti- 
tude for advanced training, and must 
have held the doctoral degree for at 
least 5 years or have equivalent educa- 
tion and experience. 

The science faculty fellowships are 
directed toward college teachers of sci- 
ence who wish to improve their com- 
petence as teachers. These fellowships 
are open to any citizen of the United 
States who holds a baccalaureate degree 
or its equivalent, has demonstrated abil- 
ity and special aptitude for science 
teaching and advanced training, and has 
taught at the collegiate level as a full- 
time faculty member for not less than 
3 years, and intends to continue teaching. 

Annual stipends to a maximum of 
$12,000—adjusted to match as closely 
as feasible the regular salaries of the 
recipients—will be awarded under both 
these programs. Fellows may engage in 
study or research at any accredited non- 
profit institution of higher learning in the 
United States or at any similar institu- 
tion abroad approved by the National 
Science Foundation. A limited allow- 
ance to aid in defraying the cost of 
travel for a fellow and his dependents 
will also be available. Application ma- 
terials may be obtained from the Divi- 
sion of Scientific Personnel and Educa- 
tion, National Science Foundation, 
Washington 25, D.C. 

Science teaching. The National Sci- 
ence Foundation has announced that 
proposals will be accepted until 1 Sep- 
tember from colleges and universities for 
the support of 1959-60 Academic-Year 
Institutes. These institutes offer full-time 
work in science and mathematics 
through programs designed especially 
to improve the quality of instruction of- 
fered by high school science and mathe- 
matics teachers, Directions for preparing 
proposals and forms to be used in mak- 


ing application may be obtained by in- 


terested institutions of higher education 
from the Division of Scientific Personnel 
and Education, National Science Foun- 
dation, Washington 25, D.C. 
Foundation grants will provide sup- 
port for 19 Academic-Year Institutes 
during the 1958-59 school year starting 
in September. It is expected that grants 
will be awarded for about 30 institutes 
for the 1959-60 school year. Each in- 
stitute provides instruction for about 50 


teachers. Foundation grants enable the 
sponsoring institutions to offer stipends 
up to $3000 plus additional allowance 
for dependents and travel. Grants also 
cover tuition and fees, an allowance for 
books, and operating costs beyond those 
supported by tuition payments. 

Foundation grants extend complete 
freedom to sponsoring institutions to ad- 
minister and conduct their respective 
programs, and teachers seeking training 
offered by Academic-Year Institutes 
should apply directly to the sponsoring 
college or university, not to the founda- 
tion. Most institutions will provide for 
an additional closely allied summer pro- 
gram which may enable many partici- 
pating teachers to earn graduate de- 
grees. 

Social science. The next closing date 
for receipt of proposals in the Social Sci- 
ence Research Program of the National 
Science Foundation is 1 October. Pro- 
posals received by that date will be 
evaluated in the fail. Approved grants 
will be activated in time for work to be- 
gin in the second semester or the sum- 
mer of 1959. The Social Science Re- 
search Program supports basic research 
in anthropology, archeology, demogra- 
phy, human ecology, economic and so- 
cial geography, economics, social psy- 
chology, sociology, and history and 
philosophy of science. 

Proposals received after 1 October 
will be reviewed following the winter 
closing date of 1 February 1959, with ac- 
tivation of approved grants in the sum- 
mer and fall of 1959. Inquiries should 
be addressed to the National Science 
Foundation, Washington 25, D.C. 


Population Trends 


The newly published United Nations 
Demographic Yearbook for 1957 reports 
that the population of the world is in- 
creasing at an average rate of 5400 per- 
sons every hour, or 47 million a year, a 
rate that is calculated to double the esti- 
mated world total of 2737 million in- 
habitants within the next 40 years. 
United Nations statisticians have esti- 
mated the world birth rate at 34 per 1000 
inhabitants and the death rate at 18. 
During the past 20 years the death rate 
has declined well over 25 percent in most 
countries and as much as 50 percent in 
several. And since the birth rate has re- 
mained high and unchanged in most of 
these same countries, the world popula- 
tion has increased almost 25 percent in 
one-fifth of a century. Other information 
contained in the annual statistical pub- 
lication is as follows: 

Percentagewise, Latin America is the 
fastest growing area of the world, with 
an estimated population increase of 2.5 
percent annually, as against a world aver- 
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age of 1.6 percent. Numerically, Asia 
leads the world with some 24 million ad- 
ditions annually. 

Children born in the Netherlands have 
a longer life expectancy than anywhere 
else in the world—71 years for males, 
74 for females. India, on the other hand, 
has the shortest life expectancy—32 
years for both males and females. 

Among men up to the age of 45, acci- 
dents, and especially motor vehicle acci- 
dents, constitute one of the leading causes 
of death. Luxembourg leads all other 
countries in the number of deaths from 
motor accidents—28.5 per 100,000. 

Between the ages of 45 and 64 cancer 
is the leading cause of death for both 
men and women in all countries for 
which statistics are available. 

The 664-page Yearbook has been com- 
piled by the U.N. Statistical Office on 
the basis of information received from 
governments. The new issue features 
mortality statistics by age, sex, occupa- 
tion, cause, and so forth. In addition, the 
Yearbook shows the population of every 
part of the world and the percentage of 
its increase since 1953, the population 
density, birth rates, marriage rates, di- 
vorce rates, life expectancy, and migra- 
tion statistics. Since the data coming 
from advanced and less well developed 
areas are of unequal quality, they con- 
tain weaknesses. Nevertheless, they re- 
veal the problems which must be solved 
to bring economic and social develop- 
ment abreast of population growth. 


New Journals 


New Zealand Journal of Geology and 
Geophysics, vol. 1, No. 1, Feb. 1958. 
Mabel Rice, Ed. New Zealand Depart- 
ment of Scientific and Industrial Re- 
search, Box 8018, Wellington, N.Z. Bi- 
monthly. 30s, 

New Zealand Journal of Science, vol. 
1, No. 1, Mar. 1958, Mabel Rice, Ed. 
New Zealand Department of Scientific 
and Industrial Research, Box 8018, Wel- 
lington, N.Z. Quarterly. 20s, 

Revista del Servicio Nacional de 
Salud, vol. 1, No. 1, Oct. 1956. Guillermo 
Valenzuela Lavin, Ed. Servicio Nacional 
Salud, Santiago, Chile. Bimonthly. $6. 

Revista de la Sociedad Cubana de 
Historia de la Medicina, vol. 1, No. 1, 
Jan.—Mar. 1958. Horacio Abascal, Ed. 
Sociedad Cubana de Historia de la Medi- 
cina, Academia de Ciencias, Habana, 
Cuba. $2. 

Technical Progress Review, vol. 1, No. 
1, Mar. 1958. U.S. Atomic Energy Com- 
mission, Washington, D.C. Quarterly. 
$2. (Order from Superintendent of Doc- 
uments, Government Printing Office, 
Washington 25.) 

Vigyan Shikshak, The Science Teacher, 
vol. 1, No. 1, Jan. 1957. V. N, Wanchoo, 


Ed. All India Science Teachers’ Asso- 
ciation, New Delhi 8, India. Quarterly. 
$2. 
WEAR. An international journal on 
fundamentals of friction, lubrication, 
wear, and their control in industry, vol. 
1, No. 1, Aug. 1957. G. Salomon, Ed. 
Elsevier, Amsterdam and New York. 
Bimonthly. $15. 

What’s New in Agriculture, vol. 1, No. 
1, Apr. 1958. G. W. Stamm, Ed. Farm 
Science Syndicate, Evanston, Ill. Bi- 
weekly, $15. 


News Briefs 


The Atomic Energy Commission and 
the Department of Defense have an- 
nounced that ‘the demonstration pro- 
gram for U.N. scientific observers of U.S. 
progress in reducing radioactive fallout 
in proportion to total yield of nuclear 
weapons may be expected to begin no 
earlier than 3 August and probably will 
start 10 August. The detonation that is 
to be a central feature of the demonstra- 
tion has been designated by the code 
name Pinon. 

x 

National surveys of laboratory animals 
are being completed by the International 
Committee on Laboratory Animals which 
met recently at Unesco House in Paris. 
The committee, under Unesco sponsor- 
ship, will soon make available reports 
from the Benelux countries, France, 
India, Italy, Japan, the Scandinavian 
countries, Switzerland, the United King- 
dom, and the United States. The com- 
mittee has begun a compilation of regu- 
lations pertaining to animal import and 
export. ICLA plans a symposium on 
“Living Animal Material for Biological 
Research” to be held in September, near 
Paris. 

* & 

A new standard is available for devices 
that convert sounds from electric to 
acoustic systems. It is the American 
Standard Z24.24-1957, Procedures for 
Calibration of Electroacoustic Transduc- 
ers, Particularly for Use in Water, just 
published by the American Standards 
Association, 70 E. 45 St., New York 17, 

* 

The Atomic Energy Commission has 
confirmed that for the past several 
months a comprehensive review of its 
organization has been in progress. The 
study was conducted by a small task force 
headed by Assistant General Manager 
Harry S. Traynor in collaboration with 


John G. Adarns, attorney and consuitant. 
& 


The Manchester Guardian has recently 
pointed out that the word “scientist” did 
not exist prior to 1840. Writing in volume 
1 of the Philosophy of the Inductive Sci- 
ences, 


Rev. William Whewell com- 


mented, “We need very much a name to 
describe a cultivator of Sciences in gen- 
eral. I should incline to call him a Sci- 
entist.” Previously, journal articles de- 
scribed such folk as “men of science.” 

* 

Two leading institutions in Seoul, 
Korea, Chosun Christian University and 
Severance Union Medical College, have 
been united under the name of Yonsei 
University. The new coeducational uni- 
versity, with an enrollment of some 4000 
students, begins its existence with two 
major building programs under way— 
the rehabilitation program initiated by 
Chosun Christian and the new medical 
school and hospital complex that was 
started by Severance Union. In addition, 
a recent grant from the China Medical 
Board of New York, Inc., provides 
$450,000 toward a building for the teach- 
ing of the basic medical sciences in the 
medical school. 

In the university city of Aleppo, Syria, 
a Syrian Society for Scholarly and Sci- 
entific Research has been founded. Its 
task is to further all scholarly and sci- 
entific research and to report on new dis- 
coveries in other parts of the world and 
draw attention to their value. The presi- 
dent of the society is Mohamed Yahia 
Haschmi. 


Scientists in the News 


DETLEV W. BRONK, president of 
the National Academy of Sciences and 
of the Rockefeller Institute for Medical 
Research, and LINUS C. PAULING, 
Nobel laureate and professor of chem- 
istry at California Institute of Technol- 
ogy, have been awarded membership in 
the Soviet Academy of Sciences. They 
were among the first group of non-Soviet 
citizens to be honored in this way. In 
the past, the U.S.S.R. has recognized 
outstanding work by foreign scientists 
through “peace prizes,” awards that 
usually took political factors into con- 
sideration. 

The Soviet Academy elected 26 new 
Russian academicians and 55 corre- 
sponding members. The appointments 
raised total membership to 167 academi- 
cians and 361 corresponding members. 

The new foreign members included 
two Canadians, EDGAR STACY and 
WILDER PENFIELD, and three Bri- 
tains: Sir CYRIL HINSHELWOOD, 
president of the Royal Society; JOHN 
D. BERNAL, physicist at Cambridge 
University; and CECIL F. POWELL, 
physicist at the University of Bristol. 
Other scientists elected included repre- 
sentatives of France, Italy, the United 
Arab Republic, Sweden, East Germany, 
the People’s Republic of China, Poland, 
Yugoslavia, Japan, and Belgium. 
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The Department of State has an- 
nounced the appointment of LARKIN 
H. FARINHOLT as deputy science ad- 
viser. Since 1947 he has been a member 
of the chemistry faculty of Columbia 
University. He has left his post there as 
professor of chemistry and director of 
chemical laboratories to take up his new 
duties in Washington. 


The 11th World Health Assembly, 
which met in Minneapolis in May and 
early June, elected LEROY E. BURNEY, 
the Surgeon General of the United States, 
as president of the assembly. He suc- 
ceeded SABIN HASSAN AL-WAHBI 
of Iraq. Vice presidents elected by the 
World Health Organization were J. 
ANOUTI, Director General, Ministry of 
Public Health, Lebanon; TRAN VY, 
Health Minister, Vietnam; and A. 
SAUTER, Director of Public Health, 
Switzerland. 

N. N. PESONEN, Director General of 
the State Medical Board of Finland, was 
chosen chairman of the committee on 
programs and budget, while S. KHANA- 
CHET, member of the Saudi Arabian 
Legation at Bonn, was selected to head 
the committee on administration, finance, 
and legal matters. 

Burney, as president of the assembly, 
presented the Leon Bernard Foundation 
Prize to THOMAS PARRAN, former 
U.S. Surgeon General. The prize was 
established by the League of Nations in 
recognition of outstanding achievements 
in the field of social medicine. Parran 
was chosen because of his contributions 
to the development of U.S. public health 
services, and particularly for his part in 
expanding national control programs 
against venereal diseases, tuberculosis 
and cancer, and for providing assistance 
to states establishing large-scale programs 
of grants for hospital construction. 


The following members of the Harvard 
Faculty of Public Health retired on 1 
July: JOHN E. GORDON became pro- 
fessor of preventive medicine and epi- 
demiology, emeritus; HAROLD C. 
STUART became professor of maternal 
and child health, emeritus; and FRANZ 
GOLDMAN became associate professor 
of medical care, emeritus. 


CARLOS L. GONZALEZ, Minister 
of Health of Venezuela, has been ap- 
pointed assistant director of the Pan 
American Sanitary Bureau, Regional 
Office of the World Health Organization 
in Washington, D.C. 


CHAUNCEY STARR, vice president 
of North American Aviation, Inc., and 
general manager of its Atomics Interna- 
tional Division in Canoga Park, Calif., 
has been elected president of the Amer- 
ican Nuclear Society. 


11 JULY 1958 


Major General ALVIN R. LUE- 
DECKE, U.S. Air Force, has been ap- 
pointed general manager of the Atomic 
Energy Commission. He succeeds K. E. 
FIELDS, who resigned on 1 July. Lue- 
decke, at present commander, Joint Task 
Force Seven, will assume his new re- 
sponsibilities after the conclusion of the 
present series of weapon tests in the Pa- 
cific. He will retire from active duty in 
the Air Force at that time. 

In addition, R. W. COOK, deputy 
general manager of the AEC, has sub- 
mitted his resignation, effective not later 
than the adjournment of this session of 
Congress. Cook will be employed by the 
executive office of the American Machine 
and Foundry Company, New York, N.Y. 


WERNHER von BRAUN, director 
of the Development Operations Division 
of the Army Ballistic Missile Agency at 
Huntsville, Ala., has received the Robert 
H. Goddard Memorial Trophy for out- 
standing achievement in the field of mis- 
siles. He was cited for directing the 
Jupiter program, which produced the 
nation’s first intermediate range ballistic 
missile and the first United States earth 
satellite, the Explorer. 


LUDWIG FLECK, formerly head of 
the department of microbiology and im- 
munology, Mother and Child Institute, 
Warsaw, and a member of the Polish 
Academy of Science, has recently joined 
the Israel Institute for Biological Re- 
search, Ness—Ziona, Israel. 


MAURICE LeBOSQUET, a Public 
Health Service commissioned officer 
since 1936, has been assigned to the In- 
ternational Cooperation Administration 
as chief sanitary engineer of the Tech- 
nical Cooperation Mission to India. 
LeBosquet, from headquarters in New 
Delhi, will provide assistance in dealing 
with environmental sanitation problems, 
particularly those relating to water sup- 
ply and water pollution control. He left 
for India on 14 June. 


CHARLES HEIDELBERGER and 
DAVID PRESSMAN have been named 
the first recipients of the $500 Bertha 
Goldblatt Teplitz Award, which is pre- 
sented by the Ann Langer Cancer Re- 
search Foundation of Chicago “for meri- 
torious investigation by a scientist under 
45.” Heidelberger, associate professor of 
oncology at the McArdle Memorial 
Laboratory for Cancer Research, received 
the award for his basic research on 
5-fluorouracil, which is important in can- 
cer chemotherapy. Pressman, director of 
research at the Roswell Park Memorial 
Institute of the New York state depart- 
ment of health, was honored for his work 
on techniques for labeling antibodies 
with radioisotopes. 


The Presidential Medal of Freedom 
has been awarded posthumously to 
MARK M. MILLS, nuclear physicist, . 
for “exceptionally meritorious service in 
contributing to the security of the United 
States of America and the welfare of the 
human race.” Mills, who was deputy di- 
rector of the University of California Ra- 
diation Laboratory, Livermore Branch, 
was killed in April in a helicopter crash 
in the area of Eniwetok Atoll while serv- 
ing as technical director of a nuclear 
weapon test. 


FREDERIC S. ORCUTT, professor 
of bacteriology at Virginia Polytechnic 
Institute, has been named acting head of 
the institute’s biology department. He 
succeeds I. D. WILSON, who has re- 
tired after serving for nearly 35 years as 
head of the department. Wilson retired 
before the end of the academic year in 
order to accept a 2-year appointment as 
an educational adviser in India. 


RICHARD A. NOYES, associate pro- 
fessor of chemistry at Columbia Univer- 
sity, has been appointed professor of 
chemistry at the University of Oregon, 
Eugene. In addition, JOHN SCHELL- 
MAN has been appointed associate pro- 
fessor of chemistry at Oregon. At pres- 
ent he is assistant professor of chemistry 
at the University of Minnesota. 


J. E. P. L. VIGOREUX, senior prin- 
cipal scientific officer, and G. H. RAY- 
NER, principal scientific officer, both of 
the National Physical Laboratory, Ted- 
dington, Middlesex, England, will be in 
the United States 11-22 August. They 
will attend the conference on electronic 
standards and measurements at the Na- 
tional Bureau of Standards Boulder Lab- 
oratories 13-15 August, and will also 
visit the NBS in Washington. 

In addition, A. FRANKS, also a senior 
scientific officer at Teddington, will be in 
this country 7 September-8 October to 
attend a conference on small angle scat- 
tering in metals at the Midwest Research 
Institute, Kansas City, Mo., 23-25 Sep- 
tember. He will visit Washington; New 
Brunswick, N.J.; New York; Boston; Buf- 
falo; Milwaukee; Chicago; Rolla, Mo.; 
Kansas City; Stanford, Calif.; and Red- 
lands, Calif. 


HAROUN MAHROUS, | associate 
professor of electrical engineering at the 
University of Illinois, has been appointed 
chairman of the electrical engineering 
department of the Pratt Institute Engi- 
neering School. 


THEODORE H. INGALLS, 
merly associate professor. of epidemiol- 
ogy at the Harvard University School of 
Public Health, has joined the University 
of Pennsylvania School of Medicine as 
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professor of preventive medicine and 
epidemiology. Ingalls will .direct a Kel- 
logg Foundation research project aimed 
at evaluation of periodic health examina- 
tions for the early detection and preven- 
tion of chronic diseases. 

In addition, he will develop projects 
for evaluating radiation hazards, and for 
the control of congenital defects. As part 
of this program, a registry of inherited 
and acquired abnormalities will be in- 
stituted at the new West Philadelphia 
Health Center. A clinical registry of con- 
genital anomalies, or defects, will also 
be maintained for counseling purposes. 


ROBERT B. HOWARD has 
ceeded HAROLD S. DIEHL, as dean 
of the University of Minnesota’s College 
of Medical Sciences. Diehl has retired 
after holding the deanship since 1935. 
He has accepted an appointment with 
the American Cancer Society as senior 
vice president for research and medical 
affairs and deputy executive vice presi- 
dent. 


CHARLES W. BUGGS, professor of 
microbiology in the Howard University 
College of Medicine, became head of the 
department of microbiology on 1 July. 


The American Society for Engineering 
Education has honored four engineering 
educators for their outstanding contri- 
butions in teaching and research. 

LINTON E. GRINTER, dean of the 
Graduate School and director of re- 
search at the University of Florida, re- 
ceived the Lammé Medal for distin- 
guished service in engineering education. 

WILLIS W. HARMAN, professor of 
electrical engineering at Stanford Uni- 
versity, received the $1000 George Wes- 
tinghouse Prize, which is given to a 
young teacher of outstanding ability. 

HUNTER ROUSE, director of the 
Institute of Hydraulic Research at the 
State University of Iowa, received the 
Vincent Bendix Award for outstanding 
research contributions. 

CEDOMIR M. SLIEPCEVICH, 
head of the department of chemical en- 
gineering and associate dean of the Col- 
lege of Engineering at the University of 
Oklahoma, received the $1000 Curtis 
W. McGraw Award, which is given to 
an outstanding young college research 
worker. 


The Scientific Committee of the Na- 
tional Neurological Research Founda- 
tion has announced that three men have 
been named National Neurological Re- 
search Foundation scientists and will re- 
ceive awards of from $10,000 to $12,000 
a year for 5 years. These unusual awards 
mark the first time (except in Govern- 
ment) that basic research has been 
united in the following areas: multiple 
sclerosis, Parkinson’s syndrome, amyo- 


trophic lateral sclerosis, muscular dys- 
trophy, cerebral palsy, and epilepsy. The 
award recipients are: MICHAEL V. L. 
BENNETT, research. associate, depart- 
ment of neurology, College of Physicians 
and Surgeons, Columbia University; 
BYRON H. WAKSMAN, assistant pro- 
fessor of bacteriology and immunology, 
Harvard Medical School, and associate 
bacteriologist, Neurology Service, Mas- 
sachusetts General Hospital; and DIXON 
M. WOODBURY, associate research 
professor of pharmacology, University 
of Utah College of Medicine. 

The National Neurological Research 
Foundation, founded in 1956, is a non- 
endowed, voluntary, tax-exempt organi- 
zation with headquarters at 3255 N St., 
NW, Washington, D.C. 


ELI LILLY; chairman of the board 
of directors of Eli Lilly and Company, 
has been selected by the past presidents 
of the American Pharmaceutical Asso- 
ciation to become the recipient of the 
1958 award of the Remington Honor 
Medal. He will be the 35th recipient of 
this medal, which was established by 
the New York Branch of the American 
Pharmaceutical Association in 1918, to 
be presented annually to the individual 
who has done most for American phar- 
macy in the previous year, or whose con- 
tinuing contributions to the advancement 
of the profession over a period of years 
have been most outstanding. 


NOBUHIKO SAITO and TSUNE- 
NOBU YAMAMOTO of Japan will be 
visiting professors of chemistry at the 
University of Oregon, Eugene, during 
1958-59. Saito is an assistant professor 
in the department of applied physics, 
Waseda University. Yamamoto is pro- 
fessor of chemistry at the University of 
Kyoto. Both are working in solid-state 
physics and theoretical chemistry. 


JOSEPHINE M. GLEASON has re- 
tired from her post as professor of psy- 
chology at Vassar College. 


TROY L. PEWE, staff geologist, 
Alaskan Geology Branch, U.S. Geologi- 
cal Survey, and associate professor of 
geology at the University of Alaska, re- 
cently returned to College, Alaska, after 
spending a season in Antarctica. Péwé 
was in charge of a glacial geology party 
of the U.S. National Committee of the 
International Geophysical Year. He 
served in the McMurdo Sound area, 
where observations were made with re- 
gard to Quaternary glacial chronology, 
permafrost, and polygonal ground. 


H. LUBINSKI of Jewish General 
Hospital, Montreal, Canada, has been 


named emeritus professor of bacteriology ° 


by the government of the Federated Re- 
public of West Germany. 


ROBERT L. STUBBINGS, research 
associate professor of chemistry at Le- 
high University, is this year’s recipient 
of the Alsop Award ot the American 
Leather Chemists Association. He was 
selected for “making science and research 
a useful tool for the tanner.” 


Recent Deaths 


KURT ALDER, Cologne, Germany; 
55; former director of research with I. G. 
Farben, Cologne, Germany; named pro- 
fessor at Kiel University in 1934 and di- 
rector of the Chemical Institute at the 
University of Cologne in 1940; one of the 
18 Nobel Prize winners who in 1955 
signed a declaration warning against a 
nuclear catastrophe; 20 June. 

HALBERT P. GILLETTE, Los An- 
geles, Calif.; 88; engineer and hydrolo- 
gist; founder and president of the Gillette 
Publishing Company of Chicago; per- , 
formed research on rain and earthquake 
cycles; 18 June. 

SETH G. HESS, New York, N.Y.; 
65; director and chief engineer of the 
Interstate Sanitation Commission; taught 
at the graduate school of New York Uni- 
versity; 18 June. 

ALMA E. HILLER, Lynbrook, N.Y.; 
66; associate professor of biological 
chemistry at the Medical College of the 
University of Illinois until her retirement 
in 1957; biochemist at the hospital of the 
Rockefeller Institute for Medical Re- 
search in New York 1918-48; author of a 
textbook, Practical Clinical Chemisty; 
19 June. 

JAROSLAV H. HULKA,. Queens, 
N.Y.; 64; director of the opthalmology 
department of St. John’s Hospital, Long 
Island City; associate surgeon at the 
Manhattan Eye, Ear and Throat Hos- 
pital; established in 1947 an ophthal- 
mology clinic in Czechoslovakia under 
the American relief program; author of 
Statistics of Tuberculosis in Czechoslo- 
vakia and Medicine in America; 18 June. 

UMPHREY LEE, Dallas, Tex.; 65; 
chancellor emeritus of the Southern 
Methodist University and president from 
1938 to 1954; 23 June. 

ROBERT M. LEWIS, New Haven, 
Conn.; 72; associate clinical professor of 
obstetrics and gynecology at the Yale 
University School of Medicine, from 
1925 until his retirement in 1954; 20 
June. 

JOHN A. MacDONALD, Interlaken, 
N.Y.; 81; emeritus professor of clinical 
Medicine at the Indiana University 
School of Medicine; 18 June. 

J. LOUIS RANSOHOFF, Cincinnati, 
Ohio; 78; professor of clinical surgery in 
the College of Medicine at the University 
of Cincinnati and director of surgery 
at the Jewish Hospital in Cincinnati; 
practiced surgery for more than a half- 
century; 17 June. 
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Book Reviews 


Ancient Man in North America. H. M. 
Wormington. Denver Museum of Nat- 
ural History, Denver, Colo., ed. 4, 
1957. xviii+322 pp. Illus. Cloth, 
$5.25; paper, $3.65. 


Eighteen years ago the Denver Mu- 
seum of Natural History and H. Marie 
Wormington initiated publication of a 
series of books called the “Popular 
Series”; this service has become increas- 
ingly useful. The book reviewed here, 
one of the series, is an unusually com- 
plete encyclopedia of the archeology and 
physical anthropology of ancient man in 
North America. Every known early camp 
site and group of artifacts has been de- 
scribed. Such descriptions are often brief, 
but ample reference is provided for those 
who are in search of detail. The account 
is designed to inform the interested non- 
professional reader, but it will be of 
great value and use to archeologists and 
other scholars as well. 

Introductory chapters that discuss the 
glacial regimen and climatic cycles in 
relation to anthropogeography during 
Pleistocene and Recent geologic time, 
and also methods of dating, are followed 
by descriptions of the ancient stone indus- 
tries. This culture is here divided into 
three major traditions which, as far as 
I am aware, are newly proposed. They 
would be more easily comprehended if 
they had been discussed a little more 
thoroughly. Under “Paleoeastern Tradi- 
tion” are discussed the Folsom Complex 
—a large number of single sites and a 
few groups of sites producing culture 
complexes, all including fluted arrow or 
dart points. The Folsom Complex is seen 
to have a distribution somewhat restricted 
to the Central Plains. On the other hand, 
points comparable to the Clovis fluted 
points are distributed from Massachu- 
setts to New Mexico and beyond. There 
is a stronge reluctance on the part of the 
author to consider specifically the possi- 
ble implications of such a distribution of 
an arrow-point type and of the associa- 
tion of arrow points with widely varying 
inventories of other tools at a time which 
could be well before 10,000 B.c. Also in- 
cluded in this Paleoeastern tradition are 
a number of camp sites and types of dart 
points which are somewhat later in time. 
Located largely in the Southwest and in 
the Plains are Plainview-type points, An- 
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gostura, Scottsbluff, and Eden points, 
and a number of others of equal signifi- 
cance. The description is carried into the 
Middle West where, at sites such as Gra- 
ham Cave in Missouri, slightly different 
shaped points appear to belong to a com- 
parable stage. 

The Paleowestern tradition includes 
industries which have also been called 
the “desert cultures.” Here we see a 
wide variety of dart points combined 
with many kinds of scrapers, heavy core 
implements, grinding tools, and the like 
which were used by people who subsisted 
on small mammals and on wild seeds and 
berries which they harvested. Although 
some of these industries were contem- 
poraneous with the early Paleoeastern, 
the people did not hunt the mammoth 
and now extinct forms of bison as did 
their eastern counterparts. The third 
tradition, Paleonorthern, includes mate- 
rial from Alaska, the Yukon, and the 
Northwest Territories which appears to 
be a mixture of several stone technolo- 
gies, some having probable antecedents 
in the Old World, some being distantly 
related to technological developments to 
the south, and the remainder appearing 
(probably because of lack of knowledge) 
to be isolated. The antiquity and, in fact, 
the relative sequence of most of these 
northern cultures is an open question, 
and the several hypotheses all have their 
adherents. As yet the Paleonorthern tra- 
dition throws but little light on the 
earlier migrations from the Old World 
to the New. The author briefly reviews 
the various problems and hypotheses. 

The preceding synopsis barely outlines 
the wealth of information presented, for 
it omits a number of significant, isolated 
and hardly classifiable discoveries. Among 
other things, this book gives evidence of 
the great advance in archeological knowl- 
edge which has taken place during the 
past decade or two, Where 80 pages were 
sufficient in the 1939 edition, here some 
309 pages of description have been re- 
quired to summarize adequately data 
from the author’s observations and from 
the references (nearly 600 in this edition, 
given in an excellent bibliography). 
More than half of the latter have ap- 
peared during the last decade. This in- 
crease in the size of the volume is due to 
the need for description of recent discov- 
eries. Important though this may be, it 


appears at times to have limited the 
value of the presentation. Great empha- 
sis has been placed on the dart points, 
which sometimes are considered to be the _ 
only feature from a camp site which pro- 
vides a basis for classification. The lack 
of attention to scrapers, core implements, 
and other tools can be somewhat mis- 
leading and will become more so as in- 
vestigation brings to light more complete 
inventories of the cultural units. Addi- 
tional illustrations and some description 
of tools other than the points would have 
broadened the base of this book enor- 
mously. 

I also feel that the book comes close 
to being a catalog of special things par- 
tially or wholly extracted from their sur- 
roundings. This robs the picture of an- 
cient cultures that is presented of a 
certain amount of depth. Furthermore, 
this characteristic of the book is not truly 
representative of the status of archeo- 
logical investigation of ancient man in 
America. Historical-developmental hy- 
potheses have been postulated by a num- 
ber of archeologists who are concerned 
with the evolution of American cultures. 
These hypotheses, of course, have been 
derived from a study of the factual ma- 
terial. Some attention to these contribu- 
tions would have given the book greater 
breadth. However, American archeology 
is presently in a state of rapid growth, 
and the ideas which are appearing may 
be unusually transitory. Perhaps the au- 
thor has been wise to restrict herself to 
brief, objective description. Taken from 
this point of view, it would be difficult 
to see how a more useful compilation 
could have been made. 

FREDERICK JOHNSON 
R. S. Peabody Foundation, 
Andover, Massachusetts 


The Invertebrata. A manual for the use 
of students. L. S. Borradaile and F. A. 
Potts, with chapters by L. E. S. East- 
ham and J. T. Saunders. Revised by 
G. A. Kerkut. Cambridge University 
Press, New York, 1958. xvii+795 pp. 
Illus. $8.50. 


It is a rare occurrence in, recent times 
when a new textbook on the subject of 
invertebrate zoology is published, and 
therefore-.the--appearance of a revised 


- edition of a highly respected volume, 


when the revisions are as extensive as 
they are in this case, is a welcome event 
indeed. Even a superficial examination 
of the book reveals that it has taken on 
a substantially new cast. There are more 
illustrations, and numerous new ones. 
With the exception of the rare halftones, 
all are superior to those of the earlier 
editions—superior not only because a 
better grade of paper is used but also 
because the labels are printed on the 
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figures rather than in the legends. A The information differs somewhat 


good number of simplified diagrams have 
also been used in this edition. More sub- 
titles have been provided in the text, and 
this remedies a condition which made 
earlier editions somewhat unpopular 
among students. The text treatment is, 
except for changes in organization, rather 
similar to that of the earlier editions and 
seems to have received least attention in 
the revision. The emphasis is clearly 
morphological. 

The classification used in the organiza- 
tion of the book is essentially that found 
in the earlier editions, with a few excep- 
tions. One is glad to find the Endoprocta 
and Ectoprocta separated into two phyla 
and the Graptolita now treated with the 
protochordates. The phyla Priapulida 
and Kinorhynchia, omitted from earlier 
editions, are now included, albeit very 
briefly. The sections on the Nemertea, 
Nematoda, Araneida, and Onychophora 
have been slightly expanded. The minor 
phyla, however, still continue to be 
treated very superficially; more than 50 
percent of the text is devoted to Pro- 
tozoa and Arthropoda. With the increas- 
ing tendency to make protozoa and in- 
sects the subjects of special courses and 
to consider them apart from the remain- 
der of the invertebrates, this emphasis is 
not always desirable. 

A new chapter, entitled “Literature,” 
has been added. This is an interesting 
introduction for the student to further 
sources of information on all phases of 
invertebrate zoology. 

In summary, although this book is on 
a subject so extensive in scope that the 
choice of content has, of necessity, been 
somewhat arbitrary and hence will not 
please everyone, the character and cer- 
tainly the general quality of the coverage 
make this volume one of the best general 
undergraduate textbooks available. 

F. A. Brown, Jr. 
Department of Biological Sciences, 
Northwestern University 


The Problem of Scientific and Technical 
Manpower in Western Europe, Can- 
ada and the United States. 2nd report. 
Organisation for European Economic 
Co-operation, Paris, 1958. 221 pp. $2. 


The Organisation for European Eco- 
nomic Co-operation has shown a stead- 
ily expanding interest in studying the 
scientific and engineering manpower 
trends and the problems of education 
and utilization of technological man- 
power in the OEEC countries. This 
volume is OEEC’s second statistical re- 
port on supply and demand in the sci- 
ences and applied sciences, Also in- 
cluded is employment information and 
information on the numbers graduating 
from universities and other institutions. 


82 


from country to country due to differ- 
ences in the detail and completeness of 
available records. Comparisons between 
nations must be intérpreted in light of 
differences in terminology and educa- 
tional systems. Nevertheless, the report 
is a valuable source of scientific and 
technical manpower information for the 
member countries—Austria, Belgium, 
Denmark, France, Germany, Greece, 
Iceland, Ireland, Italy, Luxembourg, the 
Netherlands, Norway, Portugal, Sweden, 
Switzerland, Turkey, and the United 
Kingdom—and for Canada and _ the 
United States, which are not member 
countries but which cooperate closely 
with OEEC. 

Dart WOoLFLE 
American Association for the 
Advancement of Science 


Treatise on Marine Ecology and Paleoe- 
cology. vol. 1. Ecology. Joel Hedgpeth, 
Ed. vol. 2. Paleoecology. Harry S. 
Ladd, Ed. Memoir 67. Geological So- 
ciety of America, New York, 1957. 
vol. 1, viii+ 1296 pp., $12.50; vol. 2, 
x +1077 pp. $10. 


The breadth of the world’s seas and 
their deepest dimensions scarcely exceed 
the scope of these outstanding reference 
volumes. Each is a monument to its 
editor and to the scores of specialists 
who contributed so fully. Each volume 
consists of a series of chapters with indi- 
vidual bibliographies, summarizing pres- 
ent knowledge on representative topics, 
followed by still different annotated bib- 
liographies and an index. 

Of the .29 chapters in volume 1, 
about a third are contributions from the 
Scripps Institution of Oceanography, 
another third from European authorities 
in Denmark, Finland, Germany, the 
Netherlands, the U.S.S.R. and the 
United Kingdom. After classifying ma- 
rine environments and considering meth- 
ods used to obtain ecological data from 
the sea, the specialists have analyzed 
modern understanding of physical and 
chemical factors, marine biogeography 
and bottom characteristics, and the liy- 
ing communities of major habitats as 
far as high-tide line on rocky shores and 
sandy beaches and into estuaries, with 
special consideration given the Baltic, 
Black, Caspian, and Aral seas. A com- 
bination of case-history method and in- 
formed speculation features the final 
chapters on lunar periodicity, fluctua- 
tions in littoral populations, and the 
etiology of mass mortality in the sea. 
The annotated bibliographies (215 pp.), 
each by a specialist, group ecological 
publications by taxonomic groups of ani- 
mals and plants. 

Of the 24 chapters in volume 2, about 


a third are by members of the U.S. Geo- 
logical Survey; all are from this country. 
An initial six chapters give general con- 
sideration to evidence from the fossil 
record about ecological conditions of the 
past. The next 15 chapters go carefully 
into selected North American samples— 
the paleoecological inferences derived 
from individual formations—represent- 
ing the full time scale from the Precam- 
brian to the marine Pleistocene. By way 
of comparison, two chapters are given 
over to analysis of modern situations fa- 
vorable to fossilization, one in bays of 
the central Texas coast, the other in a 
tidal flat in Maine. G. Evelyn Hutchin- 
son has attempted to peer into the fu- 
ture of marine paleoecology in a final 
chapter. The annotated bibliographies 
(342 pp.) are again on a taxonomic 
base, but often broken down into sepa- 
rate treatments by geological horizon. 
As in volume 1, the annotations are at 


least as valuable as the references them-_ 


selves, and a conscientious attempt has 
been made to include pertinent material 
in all languages (including Russian). 
These volumes will probably wear out 
from repeated use before they grow too 
out-of-date. All scientists concerned with 
the sea and the fossil record of its past 
will need to refer constantly to the 
Treatise and should bless the several or- 
ganizations which have made the publi- 
cation in present form a possibility. 
Lorus J. MILNE 
Marcery MILNE 
Department of Zoology, 
University of New Hampshire 


Figurets. More fun with figures. J. A. H. 
Hunter. Oxford University Press, New 
York, 1958, xi+116 pp. Illus. $3.50. 


This book is not a “survey of mathe- 
matics for the layman”; in fact, it makes 
no pretense of containing much serious 
mathematics. In the preface, the author 
calls the book a “selection of teasers . . 
meant for people . . . who enjoy figures 
without being too serious about them.” 
Readers familiar with his earlier volume, 
Fun with Figures, will know what to 
expect. 

The author is more conscientious than 
some in that when he says his material 
is within the grasp of the nonmathema- 
tician he really means it. The book is 
a collection of 150 separate short prob- 
lems presented entertainingly and in 
many disguises. Nearly all of them can 
be solved by arithmetic or algebra, but 
many are by no means easy. Solutions 
are given (in the back); and as a fur- 
ther (perhaps too kindly) assist to the 
solver, most of them are classified by 


_ code letter in the table of contents so 


that the general method of solution can 
be anticipated. 
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‘One finds the problems somewhat 
lacking in variety, but that may be un- 
avoidable within the prescribed scope. 
Possibly -a wider choice from the field 
of geometry might have provided a dash 
of something different with which to 
flavor the algebraic diet. 

Although the book is in no sense a 
textbook, it could well be used by mathe- 
matics clubs or for outside reading in 
connection with high-school mathematics 
courses. In addition to illustrating many 
applications of algebra, the book could 
introduce a student to indeterminate and 
Diophantine equations, which are often 
slighted in standard courses. It also gives 
a glimpse of the fact that many prob- 
lems cannot be solved without consider- 
able trial and error. If algebra students 
are unaware of this, it is high time they 
were told; mathematics is like that! 

C. STANLEY OcILvy 
Department of Mathematics, 
Hamilton College 


The Handbook of Feedstuffs. Produc- — 


tion, formulation, medication. Ru- 
dolph Seiden and W. H. Pfander. 
Springer, New York, 1957. xii+591 
pp. $8. 


Animal feeding has become an ever 
more complicated and competitive busi- 
ness that requires a sound foundation in 
agronomy, animal husbandry, biochem- 
istry, botany, nutrition, pharmacology, 
physiology, and economics. It is obvious 
that no agricultural agent, farmer, feeder, 
or feedstuff manufacturer can have the 
up-to-date knowledge in all these fields 
of basic and applied science necessary 
for taking advantage of recent advances 
and discoveries; and even the scientific 
worker specializing in any one field re- 
lated to animal feeding needs to have 
good background information about the 
present status of the other fields. All 
such readers will welcome this first en- 
cyclopedic collection of facts and figures 
about feedstuffs, written by an eminent 
agricultural chemist, who is a consultant 
on veterinary pharmaceuticals, and by 
an outstanding animal nutritionist, who 
is professor of animal husbandry at the 
University of Missouri. 

The Handbook lists all feeds produced 
on ranches and farms or in factories, 
data on consumption by various kinds 
of farm animals, and the ratios applied, 
and discusses the economic significance 
of these feeds. Since about 25 percent of 
manufactured feedstuffs contain natural 
or synthetic supplements, drugs, and 
growth stimulants, the many substances 
that recently have come into use as 
feedstuff additives, such as antibiotics, 
sulfonamides, arsenicals, vitamins, hor- 
mones, and amino acids, are described 
and discussed from a physiological and 
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nutritional viewpoint. Although the 
work is based upon the investigations of 
hundreds of experts, the authors have 
succeeded in presenting even involved 
scientific matters in simple and under- 
standable language, thus making the in- 
formation accessible also to the farmer 
and student of agriculture, who, like the 
other users of the work, will find its com- 
prehensiveness and the alphabetical ar- 
rangement of its extensive subject matter 
most convenient. 


Francis JosEpH WEIssS 
Arlington, Virginia 


New Books 


Mental Deficiency. In relation to prob- 
lems of genesis, social and occupational 
consequences, utilization, control and pre- 
vention. J. E. Wallace Wallin. Journal of 
Clinical Psychology, Brandon, Vt., 1956. 
200 pp. $5. 

Georgia Birds. Thomas D. Burleigh. 
University of Oklahoma Press, Norman, 
1958. 775 pp. $12.50. 

Clinical Enzymology. Gustav J. Martin, 
Ed. Little, Brown, Boston; Churchill, 
London, 1958. 248 pp. $6. 

Lumber. Nelson Courtlandt Brown and 
James Samuel Bethel. Wiley, New York; 
Chapman & Hall, London, ed. 2, 1958. 
393 pp. $9. 

Annual Review of Medicine. vol. 9. 
David A. Rytand and William P. Creger, 
Eds. Annual Reviews, Stanford, Calif., 
1958. 530 pp. $7. 

Protides in the Biological Fluids. Pro- 
ceedings of the fifth colloquium, Bruges, 
Belgium, 1957. H. Peeters, Ed. Elsevier, 
Amsterdam, 1958. 260 pp. $8.50. 

A Short Introduction to Archaeology. 
V. G. Childe. Macmillan, New York, 
1958. 142 pp. $2.50. 

A Sourcebook for the Biological Sci- 
ences. Evelyn Morholt, Paul F. Brand- 
wein, Alexander Joseph. Harcourt, Brace, 
New York, 1958. 521 pp. 

Nerves Explained. A straightforward 
guide to nervous illnesses. Richard Asher. 
Thomas, Springfield, Ill., 1958. 157 pp. 
$2.75. 

Studies in the Mathematical Theory of 
Inventory and Production. Kenneth J. 
Arrow, Samuel Karlin, Herbert Scarf; 
contributions by Martin J. Beckmann, 
John Gessford, Richard F. Muth. Stan- 
ford Univ. Press, Stanford, Calif., 1958. 
350 pp. $8.75. 

Advances in Chemical Engineering. vol. 
II. Thomas B. Drew and John W. Hoopes, 
Jr. Academic Press, New York, 1958. 348 
pp. $9.50. 

Phenolic Resin Chemistry. N. J. L. 
Megson. Academic Press, New York; But- 
terworths, London, 1958. 230 pp. $10.80. 

Physical Optics. R. A. Houstoun. Inter- 
science, New York, 1958. 306 pp. $6.25. 

Professional Ethics and Civic Morals. 
Emile Durkheim. Translated by Cornelia 
Brookfield. Free Press, Glencoe, Ill., 1958. 
272 pp. $5. 

The City. Max Weber. Translated and 
edited by Don Martindale and Gertrud 
Neuwirth. Free Press, Glencoe, IIl., 1958. 
242 pp. $4. 


La Souche du BCG. Monographie de 
l'Institut de Microbiologie et d’Hygiéne 
de l'Université de Montréal (en collabo- 
ration avec le Département de Bactéri- 
ologie de la Faculté de Médecine et avec _ 
lEcole d’Hygiéne). A. Frappier and M. 
Panisset. Institut de Microbiologie et 
d’Hygiéne de l'Université de Montréal, 
Montreal, Canada, 1957. 120 pp. 

Textbook of Dendrology. Covering the 
important forest trees of the United States 
and Canada. William M. Harlow and Ell- 
wood §. Harrar. McGraw-Hill, New York, 
ed. 4, 1958. 572 pp. $8.75. 

Applied Physiology of the Eye. H. Wil- 
loughby Lyle and T. Keith Lyle. Bailliere, 
Tindall and Cox, London, 1958 (order 
from Williams & Wilkins, Baltimore). 349 
pp. $9. 

Traité de Zoologie. vol. XIII, Agnathes 
et Poissons. Anatomie, ethologie, sys- 
tematique. Pierre P. Grassé, Ed. Masson, 
Paris, 1958. 924 pp. Paper, F. 12,000; 
cloth, F. 13,000. : 

Traité de Paleontologie. L’origine des 
mammiféres et les aspects fondamentaux 
de leur evolution. vol. VI, Mammiféres, 
Evolution. Jean Piveteau, Ed. Masson, 
Paris, 1958. 962 pp. Paper, F. 15,500; 
cloth, F. 16,500. 

Matiére et Antimatiére. Maurice Du- 
quesne. Presses Universitaires de France, 
Paris, 1958. 126 pp. 

The Teaching of Geography. Zoe A. 
Thralls. Appleton-Century-Crofts, New 
York, 1958. 347 pp. $3.75. 

Variation in Tracheid Length and 
Wood Density in Geographic Races of 
Scotch Pine. School of Forestry, Bull. No. 
64. Robert M. Echols. Yale Univ. Press, 
New Haven, Conn., 1958. 52 pp. $1.50. 

Proceedings of the International Sym- 
posium on Isotope Separation. Held in 
Amsterdam, 23-27 Apr. 1957. J. Kiste- 
maker, J. Bigeleisen, A. O. C. Nier. North- 
Holland, Amsterdam; Interscience, New 
York, 1958. 724 pp. $15. 

Skin Grafting. James Barrett Brown 
and Frank McDowell. Lippincott, Phila- 
delphia, ed. 3, 1958. 426 pp. $15. 

Yearbook of the International Council 
of Scientific Unions. 1958. Secretary Gen- 
eral, ICSU, Paleis Noordeinde, The 
Hague, Netherlands, 1958. 74 pp. 5s. 

Castilla’s Spanish and English Techni- 
cal Dictionary. vol. 1, English-Spanish, 
1611 pp.; vol. II, Spanish-English, 1137 
pp. Philosophical Library, New York, 
1958. $45. 

Soviet Pharmaceutical Research. Con- 
sultants Bureau Chemistry Collection No. 
4. vol. 1, Pharmaceutical Chemistry, 447 
pp.; vol. 2, Pharmacognosy, 401 pp.; vol. 
3, Medicinal Chemistry, 556 pp. Consult- 
ants Bureau, New York, 1958 (volumes 
may be ordered separately). $200. 

De lActinie Homme. vol. 1, Antici- 
pation et Mémoire. Bases de l’Evolution 
Psychique. Henri Pieron. Presses Univer- 
sitaires de France, Paris, 1958. 306 pp. 
F. 1600. 

Research and Education in Rheumatic 
Diseases. Transactions of the Second Na- 
tional Conference at National Institutes 
of Health, Bethesda, Md., 1 Dec. 1956. 
Joseph J. Bunim, Ed. National Institute 
of Arthritis and Metabolic Diseases, Na- 
tional Institutes of Health, Bethesda, 
1958. 156 pp. 
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Drug Synergism (Potentiation) 
in Pain Relief in Man: 
Papaverine and Morphine 


For the clinical evaluation of anal- 
gesics two general methods are in use: 
(i) One group receiving one drug is 
compared with a different group medi- 
cated with another drug. (ii) The pa- 
tient is used as his own control, receiv- 
ing both drugs on different occasions. 
Comments on these methods have been 
made by Beecher (1). He pointed out 
that method i suffers from inconsistency 
among patients and requires a larger 
series, whereas in method ii, which is 
employed in this laboratory, the possi- 
bility of drug interaction is present. 

In recent experiments in this labora- 
tory, papaverine was tested as an anti- 
pruritic and was compared with mor- 
phine in experimental and pathologic 
pruritus in man. Since both morphine 
and papaverine appeared to relieve 
pathological pruritus, and since there is 
reason to believe that itch and pain are 
mediated by the same apparatus (2), pa- 
paverine was compared with morphine 
in pathological pain. Here, unexpectedly, 
an example of drug interaction was ob- 
served. 

In a “double-blind” experiment 69 
patients with abdominal, thoracic, and 
major orthopedic operations were stud- 
ied postoperatively to determine relief of 
steady wound pain, according to meth- 
ods previously described (1). The pain 
was rated as “severe” or “moderate” be- 
fore medication was given. Forty-five pa- 
tients received morphine, 10 mg, alter- 
nating with papaverine, 50 mg, and 24 
patients received morphine, 10 mg, alter- 
nating with papaverine, 100 mg. These 
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weights refer to the salts and were con- 
tained in 1 ml of solution. The drugs 
were injected subcutaneously, per 70 kg 
of body weight. After a drug was given, 
the patients were visited by technicians 
at 45, 90, 150, 210, 270, and 330 min- 
utes after medication. 

The pain was recorded as “un- 
changed,” “less than half gone,” “more 
than half gone,” or “disappeared.” The 
relief reported by the patient was then 
rated as 0, 1, 2, and 3, respectively. Only 
“paired” data were evaluated—that is, 
data for doses of morphine and papav- 
erine given to the same patient for the 
same degree of pain. The effects of the 
drugs on “moderate pain” and “severe 
pain” were examined separately. 

The data were analyzed as previously 
described by Gravenstein and Beecher 
(3). When the pain level is controlled 
and correlated data are used, papaverine, 
50 mg, and 100 mg, is consistently less 
effective than morphine, 10 mg. An 
analysis of variance of these data shows 
a significant difference in pain relief be- 
tween morphine and papaverine at all 
times with either dose. The relief with 
papaverine in the 50-mg dose is that ex- 
pected from a placebo (25 percent ver- 
sus 30 percent). Papaverine, 100 mg, re- 
lieved 14 percent of the patients in pain. 
The difference in analgesic power be- 
tween papaverine, 100 mg, and mor- 
phine, 10 mg, is consistently greater than 
the difference between papaverine, 50 
mg, and morphine, 10 mg. This curious 
“antianalgesic” effect of the larger dose 
of papaverine is similar to the effect of 
the dextrorotatory form of iso-metha- 
done, on which Denton and Beecher 
commented (#4). 

Data from all patients who received 
morphine or papaverine as their very 
first and second postoperative medica- 
tion for the given pain level are pre- 
sented in Table 1. In this group mor- 
phine, 10 mg, was found to be more ef- 
fective when given as the second drug 
following papaverine than when given as 
the first drug—that is, preceding papav- 
erine. For the statistical analysis of this 
difference, the only data used were those 
which were obtained from 18 patients 
medicated for one pain level, moderate 


pain. Pain relief was significantly better 
for all checks 45, 90, and 150 minutes 
after medication (p< 0.01 in all three 
checks) when morphine was given as 
the second drug postoperatively, follow- 
ing papaverine, as compared with the 
identical dose of morphine given as the 
first postoperative medication. In the 
group of patients with severe pain the 
numbers are too small for statistical 
analysis; however, the results corrobo- 
rate the findings for moderate pain. 

Papaverine has no analgesic power. 
The significance of this fact in view of 
its antipruritic effectiveness is interesting 
and is discussed elsewhere (5). Great in- 
terest attaches to the finding that in this 
study where the patients serve as their 
own control, morphine given as the very 
first drug postoperatively was much less 
effective than the identical dose of mor- 
phine given after papaverine. This can- 
not be explained as an effect of waning 
postoperative pain, since the pain level: 
was controlled and since it has been 
shown (3) that the pain levels identi- 
fied by the patients are sufficiently re- 
liable as measurements of intensity of 
pain. It. is conceivable that the very 
first pain report by a patient is different 
from the second. This possibility can be 
examined in the data of Gravenstein and 
Beecher (3). These data therefore were 
reevaluated, and the pain relief afforded 
by the first dose of morphine was com- 
pared with that afforded by a second 
and identical dose in the same patient 
given for the same degree of pain. In 24 
patients there is no difference in pain 
relief between doses one and two. These 
data are presented in Table 2. The con- 
clusion that less pain relief is obtained 
from morphine not preceded by papav- 
erine therefore gains significance. 

The question can be raised whether 
this is due to some specific effect of pa- 
paverine or whether the same phenome- 
non could be observed with other drugs. 
Data from a study of identical design 
as the papaverine experiment just de- 
scribed, in which dihydrocodeine, 30 mg, 
was compared with morphine, 5 mg, and 


Table 1. Mean pain relief scores for 18 
patients with moderate pain. Patients were 
given morphine, 10 mg, preceding or fol- 
lowing papaverine, 50 mg, as the first 
postoperative medication. 


Score 


Injection 


5min 90min 150 min 


Morphine 

following 

papaverine 2.44 2.67 2.56 
Morphine 

preceding 

papaverine 1.11 1.67 1.67 


Difference +1.33 +1.00 +0.89 
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Table 2. Mean pain relief scores for 24 pa- 
tients given two 10-mg doses of morphine. 


Severe pain Moderate pain 


Dose 45 90 45 90 
min min min min 
1 1.93 2.07 2.44 2.44 
2 1.93 | 2.22 2.44 
Differ- 
+ 0.20 -0.22 0.00 


ence 0.00 


again with morphine, 10 mg, suggested 
that morphine following dihydrocodeine 
would be more effective than when given 
alone. Data on these studies are limited 
to few patients, not justifying statistical 
analysis, and can serve only as suggestive 
support. 

So far as we have found, the material 
presented here is the first occasion where 
synergism in the relief of pathological 
pain in man has been clearly demon- 
strated with analgesic drugs. Attention 
must be called, however, to the related 
work of Macht (6). Macht worked on 
himself and two colleagues with experi- 
mental pain produced by the Martin 
method. He failed to use essential con- 
trols and arrived at the erroneous con- 
clusion that papaverine is a powerful 
analgesic. He did report, among other 
things, that the analgesic effect of mor- 
phine is increased when it is combined 
with narcotine, a drug chemically related 
to papaverine. 

In animals (7), evidence suggesting a 
synergism between morphine and drugs 
pharmacologically related to papaverine 
has been published. However, the litera- 
ture contains no report on the interac- 
tion between morphine and papaverine 
in pathological pain, and no suggestion 
about the possible mode of interaction 
in this situation, Veldstra (8) has dis- 
cussed synergism in general and has at- 
tempted to formulate possible explana- 
tions, 

On the basis of our data, interaction 
among drugs in the experimental situa- 
tion described does occur. No clue about 
the nature of this interaction is available. 

In every experiment which utilizes pa- 
tients who have received medication be- 
fore being studied as to their response to 
an experimental drug, there is the possi- 
bility of drug interactions. While investi- 
gators using patients with chronic pain 
have certain advantages, since their ex- 
perimental design is not limited by wan- 
ing pain, they are nevertheless con- 
fronted by this interaction problem, Pa- 
tients with chronic pain usually receive 
pain-relieving opiates and frequently in 
relatively large dosages while they are 
not under investigation (10). Thus the 
use of patients with chronic pain creates 
difficulties in evaluating the “priming” 
effect of a drug given for the very first 
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time. On the other hand, when patients 
with postoperative pain are used, the ef- 
fect of preceding anesthetics cannot be 
easily evaluated. The same influence can 
conceivably affect data on respiratory 
and other side effects when patients with 
chronic pain are used. It is not suggested 
that such possible drug interaction com- 
pletely invalidates the results, but it is 
emphasized that data obtained under 
such conditions can be representative 
only of the conditions under which they 
were obtained. A complete assessment 
of the clinical characteristics of a drug 
therefore is possible only after the drug 
has been studied under various condi- 
tions with different methods (/0). 

S. G. Macris, J. S. GRAVENSTEIN, 

C. W. Reicute, H. K. Beecuer 

Anesthesia Laboratory, Harvard 
Medical School, Massachusetts 
General Hospital, Boston 
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Current Strontium-90 Level in 
Diet in United States 


Knowledge of the concentration of 
strontium-90 in the diet permits calcu- 
lation of the equilibrium level in the 
human skeleton (1). This report (2) de- 
scribes measurements on approximately 
100 food samples. Samples of the im- 
portant calcium (and therefore stron- 
tium-90), sources—that is, milk, vege- 
tables, cereals, and tap water—are in- 
cluded. 

Each vegetable sample (Table 1) rep- 
resents 10 packages (about 3 kg) of 
frozen food, which in turn represent a 
production .run at a food plant. The 
cereals (Table 2) were 200-g aliquots 
of a dozen boxes of the most common 
varieties. Liquid milk samples (Table 
3) came mainly from cows that had 
grazed on unplowed land. Meat, eggs, 
and fish were omitted because their con- 


Table 1. Strontium-90 in common vege- 
tables from various locations, 1956-57. 


Sample Date SU 
Maine 
Peas 8/56 21.3 
Western New York State 
Beans, cut green 8/56 20.2 
Beans, cut green 9/56 18.4 
Beans, cut green 9/56 8.6 
Beans, wax 7/57 13.6 
Beans, wax 8/57 11.3 
Cauliflower 10/56 9.1 
Corn 9/56 28.4 
Spinach 6/57 1.8 
Av. 13.9 
Eastern Pennsylvania, New Jersey, Long Island 
Asparagus 6/56 1.2 
Asparagus 5/57 1.1 
Beans, cut green 12/56 4.6 
Beans, cut green 9/56 8.0 
Beans, lima 9/56 6.6 
Cauliflower fall/56 8.1 
Peas 6/57 10.0 
Potatoes, sweet ?/57 13.3 
Potatoes, white ?/57 6.1 
Squash fall /56 11.5 
Av. 7.3 
Eastern Maryland, Delaware 
Asparagus 10/56 1.7 
Beans, lima ?/56 2.9 
Beans, lima 9/56 8.4 
Broccoli 10/56 4.7 
Broccoli 10/56 6.7 
Broccoli 10/56 8.5 
Corn 12/56 3.6 
Peas 12/56 1.3 
Av. 4.7 
Tennessee 
Okra 7/57 18.0 
Spinach 6.1 
Spinach 4/57 1.2 
Turnip greens 5/57 21.3 
Turnip greens 2/56 7.8 
Av. 10.9 
Minnesota 
Corn 9/56 1.6 
Peas 6/56 5.8 
Av. 3.7 
Washington, Idaho, Oregon 
Beans, lima 9/55 6.3 
Broccoli 9/56 3.7 
Corn 8/57 2.1 
Peas 6/57 4.8 
Peas 7/56 78 
Peas 6/56 3.0 
Potatoes ?/57 8.7 
Squash 9/56 3.1 
Squash 10/56 | 
Av. 4.8 
California 
Asparagus 5 1.8 
Beans, lima 5/57 4.6 
Beans, lima 9/55 10.0 
Beans, lima 9/56 43 
Broccoli 4/57 4.0 
Brussels sprouts 10/56 12.0 
Brussels sprouts 9/56 4.3 
Brussels sprouts 12/56 2.5 
Brussels sprouts 11/56 1.1 
Cauliflower 10/56 28.5 
Cauliflower 4/57 22.5 
Spinach 3/57 13.9 
Spinach 3/57 9.1 
Spinach 3/57 9.5 
Av. 8.5 
Av. for all vegetable samples 9.4 


Av. for peas, beans, corn, and potatoes 8.7 


Table 2. Strontium-90 in common cereals 
from various locations, 1956-57. 


Sample and location Date 

Wheat (New York) ?/56 22.8 
Wheat (Washington) 55/56 9.1 
Bran (Michigan) summer/57 8.6 
Flour (Illinois) .7/56 6.7 
Rice (Unknown) 2/56 4.0 
Wheat (Unknown) ?/56 37.5 
Oatmeal (Unknown) 2/56 5.7 

Av. for all cereals 13.5 
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tribution to the calcium intake is trivial 
and because the Sr9°/Ca ratio is not ex- 
pected to exceed that in milk by more 
than a factor of 2. 

The chemical and radiometric pro- 
cedures have been described elsewhere 
(3). The over-all yield of strontium was 
monitored with a Sr® tracer. A repre- 
sentative set of six frozen vegetables was 
prepared according to the directions on 
the package, and the liquid phase was 
analyzed separately. No appreciable Sr®° 
is removed in the preparation of the 
vegetables for human consumption. 

The data on U.S, milk (Table 3) in- 
clude those of the Health and Safety 
Laboratory of the AEC New York Oper- 
ations Office (4), extrapolated to late 
1957 where necessary. The variations in 
Sr®° concentration from one farm to the 
next are probably related to the avail- 
able calcium content of the pasture and 
to the average root depth of its grass. 
Duplicate milk samples from two nearby 
farms in Virginia gave 1.9 and 1.9, and 
8.1 and 7.1 wuc of Sr® per gram of cal- 
cium (hereafter referred to as strontium 
units, SU), respectively. Variations up 
to a factor of 2 occur from a single dis- 
tribution source (Bergen County, N.J.) 
over a period of a month, reflecting 
changes in relative quantities of milk 
from contributing farms in successive 
batches. Despite these short-time varia- 
tions, the average monthly value for dif- 
ferent parts of the country is quite uni- 
form, giving an average concentration 
for the country of about 6 SU. In com- 
parison, the average level of Sr® in 
British milk would be 7 to 8 SU in late 
1957, on the basis of an extrapolation of 
the 1956 data (5). 

The vegetables and cereals (Tables 1 
and 2) are representative of large-acre- 
age production. Variations from one 
sample to another grown in the same 
general area probably reflect different 
soil conditions. No appreciable increase 


in Sr®° from mid-1956 to early 1957 is 
observable from the data, as is not wholly 
unexpected, since an increase in Sr®° in 
the total fallout was only about 20 per- 
cent during this period. 

Geographical differences in the Sr®° 
concentration appear but do not exceed 
two times the mean. In the diet, how- 
ever, these differences are averaged out 
because of the nature of commercial 
food distribution. Some differences ap- 
pear among plant types—for example, 
asparagus is relatively low, but among 
the major calcium contributors (peas, 
beans, and cereals), the Sr% level is 
rather uniform. 

The U.S. population obtains 85 per- 
cent of its calcium from milk, 4 per- 
cent from cereals, and 5 percent from 
vegetables (6, 7). If the average concen- 
tration of Sr®° in these foods in the 
United States in late 1957 is assumed to 
be 6, 15, and 10 SU, respectively, the 
average diet contains about 6.5 SU. In 
an extreme case, a vegetarian might 
have double this value. 

Monthly integrated tap-water samples 
in the New York City area now carry 
about 0.1 wuc of Sr per liter. If an 
average consumption of 1 liter of water 
and 1 g of calcium from food each day 
is assumed, the contribution of Sr®° from 
drinking water appears to be negligible. 
If rain water were consumed, this source 
would still only account for about 20 
percent of the daily Sr®° intake. 

It is concluded that the Sr®° content 
in the diet of an average U.S. citizen in 
1957 was about 6.5 SU, corresponding 
to an equilibrium base level of 1.6 SU, 
since the discrimination factor between 
diet and base appears to be about 4 
(1, 5). If the diet concentration remains 
constant for a decade, the equilibrium 
bone level of 1.6 SU would be ap- 
proached by young children. New-born 
children would have about half of this 
value on account of fetal discrimination, 


Table 3. Strontium-90 in milk from various locations, 1956-57. The numbers in paren- 


theses in column 3 give the number of samples. 


Mohawk Valley 
North Carolina 


Location Date SU 
New Jersey (Bergen County) 9-10/57 Range 3.0-7.7 
Av. 5.5 (14) 

New Jersey (other) 10/57 Av. 5.5 (4) 
New York City (retail) * se 
New York State (Perry) * 4.5 

9-10/57 Av. 6.6 (4) 

8/57 Av. 5.3 (4) 
North Dakota (powdered) * 10.0 
Mississippi (State College, powdered) * ?/56 6.5 
Missouri (St. Louis, powdered ) * 6.5 
Oregon (Portland, powdered) * 7.0 

Virginia (Rockingham County) 10/57 Av. 3.8 (4) 
Wisconsin (Columbus, powdered) * Be 
Av. for all 1957 milk 6.1 


* Estimated from an analysis reported by Health and Safety Laboratory, New York Operations Office of 


the AEC (4), extrapolated to late 1957. 
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and adults would reach only 20 to 30 
percent of the equilibrium level, because 
of the slow rate of exchange of the cal- 
cium in bone. 

J. Laurence 

SLAKTER 

Lamont Geological Observatory, 
Columbia University, 
Palisades, New York 
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Effect of Zinc on the 
Determination of Cyanide 
with Phenolphthalin 


Determination of cyanide by the oxi- 
dation of phenolphthalin in alkaline solu- 
tion to phenolphthalein in the presence 
of a trace of cupric salt and cyanide (J) 
is a method that has been used to deter- 
mine trace amounts of cyanide in a wide 
variety of biological and industrial me- 
dia. The determination is not specific for 
cyanide but is subject to interference by 
various oxidizing substances (2). Recent 
work on plating-room wastes in which 
this method was used has raised the 
question of the effect of zinc in such 
solutions. Zinc can form stable cyanide 
complexes which might cause negative 
errors. 

To ascertain whether or not such er- 
rors exist (3), a series of known cyanide 
solutions was made up, and known 
amounts of zinc were added. This 
method of determining cyanide consists 
of adding 2 ml of the unknown to 10 
ml of 0.05-percent KOH, followed by 10 
ml of indicator solution. The indicator 
solution consists of 99.5 ml of 1-percent 
CuSO, -5H,O plus 0.5 ml of 1-percent 
phenolphthalin dissolved in 0.67-percent 
NaOH. This indicator solution is not 
stable and should be made up fresh 
every 2 hours. Absorbance is read at 553 
mp, the absorbance peak for phenol- 
phthalein (4), 3 minutes after the indi- 
cator solution has been added. The cali- 
bration curve for cyanide alone is a 
straight line passing through zero. 
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One might suppose that, if zinc does 
complex cyanide with a stability suffi- 
cient to interfere with this method of 
determining cyanide, absorbance would 
decrease as zinc content increases, fall- 
ing to zero with the addition of an 
amount of zinc proportional in some 
manner to the amount of cyanide pres- 
ent. However, Fig. 1 shows that, as the 
zinc content is increased, the absorbance 
increases to a flat maximum, then rap- 
idly falls to zero with addition of a 
specific amount of zinc which is inde- 
pendent of the amount of cyanide pres- 
ent. The increases in absorbance are 
neither constant nor proportional to the 
absorbance in the absence of zinc. 

Since the cyanide solutions are basic 
and the zinc solutions are acidic, the 
effect of pH was briefly investigated. 
Solutions of NaOH and HCl were made 
up which matched the zinc and cyanide 
stock solutions with respect to pH. A 
colored cyanide solution is decolorized 
by HCl and recolored by NaOH. After 
the initial addition of HCl, a single drop 
of base or acid is sufficient to change the 
color, as one would expect at the end 
point in an acid-base titration in which 
phenolphthalein is used as the indicator. 

On the other hand, a cyanide solution 
which has been decolorized with zinc 
can be recolored by adding cyanide, but 
more than three times the amount of 
cyanide originally present is required, 
and the second color is weaker than the 
first. This second color can then be dis- 
charged with about one-tenth the amount 
of zinc first required. Subsequent recolor- 
ization and decolorization requires an ex- 
cess of cyanide and only a small amount 
of zinc. 

It is thus apparent that the phenol- 
phthalin method for determining cya- 
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Fig. 1. Absorbance, at 553 mp, of phenol- 


phthalein due to the presence of cyanide 
versus amount of zinc added. 
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nide is subject to interference by zinc. 
Often when an ion interferes with an 
analytical method, the method can be 
adapted as a means of analyzing for that 
ion. The shape of the curves in Fig. 1 
indicates that this cannot be done in the 
present case. However, by standardizing 
cyanide in the presence of, say, 6 parts 
per million of zinc, one would be operat- 
ing in the flat portions of the curves, 
and then one could determine cyanide in 
the presence of zinc without error, as 
long as the zinc concentration did not 
vary beyond the limits of 3 to 10 parts 
per million. 

H. FiscHer 
General Engineering Laboratory, 
General Electric Company, 
Schenectady, New York 
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Reactivation of Cytochrome 
Oxidase by Lipide 


There are reports in the literature 
which indicate that lipides or lipide- 
soluble substances may be important for 
the normal activity of respiratory en- 
zymes. For example, Nason and Lehman 
(1) have investigated the restoration by 
tocopherol of DPNH- and succinate- 
cytochrome c¢ reductase activity of rat 
skeletal muscle following isooctane ex- 
traction and aging to reduce the activi- 
ties. Martius and Nitz-Litzow (2) have 
proposed that vitamin K, is a necessary 
component of the DPNH-cytochrome c 
reductase system. They have based their 
hypothesis on (i) the inhibitory effect on 
oxidative phosphorylation of dicoumarols 
and related compounds, (ii) the reduced 
phosphorylation in mitochondria from 
the livers of vitamin K-deficient chicks 
(which is restored by vitamin K,), and 
(iii) the identification of a DPN-depend- 
ent vitamin K, reductase in pig liver 
mitochondria. 

More recently Crane, Hatefi, Lester, 
and Widmer (3) have reported the iso- 
lation from beef heart mitochondria of 
a quinone capable of undergoing revers- 
ible oxidation and reduction. This com- 
pound, with an absorption maximum at 
275 mp (designated as Q-275), will re- 
activate the succinoxidase system of hep- 
tane-extracted mitochondria, and in the 
reduced state can be oxidized by ferri- 
cytochrome ¢ in the presence of the 


electron-transport particle. Previous re- 
ports that implicate a lipide in the cyto- 
chrome ¢ oxidase portion of the chain _ 
include those that demonstrate an inac- 
tivating effect of lecithinases (4). More 
recently, Witter, Morrison, and Shep- 
ardson (5) have found that lysolecithin 
uncouples phosphorylation from oxida- 
tion of ascorbate-cytochrome c by the 
cytochrome oxidase contained in rat 
liver mitochondria and thus enhances 
oxygen uptake by about 100 percent. 

In the course of attempting to purify 
the cytochrome oxidase of beef heart 
mitochondrial fragments (6) by extract- 
ing with surface active agents, we found 
that, after treatment of the particles on 
a cellulose column with deoxycholate 
(1.9 percent) and with cholate (4.0 per- 
cent), the cytochrome oxidase that was 
finally solubilized with 3 percent deoxy- 
cholate (S3) was relatively inactive. The 
addition of the 4 percent cholate extract 
(S2), however, reactivated some of the 
enzyme (Table 1, experiment 1). In an- 
other experiment the 1.6-percent deoxy- 
cholate extract (Sl) proved to be an 
even better activator (Table 1, experi- 
ment 2) of a slightly active 2.5-percent 
deoxycholate extract (S3). 

The activating substance, free of sur- 
face-active agents, proved to be heat 
stable and extractable by butanol but 
not by ethyl ether or petroleum ether. 
A number of lipides and lipide-soluble 
substances were tested for their capacity 
to activate the enzyme. The following 
compounds were ineffective: oleic acid, 
vitamin K,, cholesterol, pi-a-tocopherol 
phosphate, choline, and phosphoryl cho- 
line. In Table 1, experiment 3, are pre- 
sented those compounds which proved 
to be effective activators. There are sev- 
eral possibilities to be considered for the 
activating effect by these phospholipides: 


Table 1. Reactivation of cytochrome oxi- 
dase. Cytochrome oxidase activity (9) is 
expressed as the first-order velocity con- 
stant. 


Activity 
(X sec”) 


Experiment 1 


Fraction 


0.47 
$2 0 
$3 + $2 1.34 
Experiment 2 
$3 0.69 
Si 0.75 
$3 +S1 8.54 
Experiment 3 
$3 0.93 
$3 + animal lecithin (pract.) 4.85 
$3 + animal lecithin (purified 
by chromatography ) 1.60 
S3 + vegetable lecithin 2.45 
$3 + cephalin (impure) 2.80 
$3 + dimyristoyl lecithin 2.88 
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(i) that they are actually involved in 
electron transport; (ii) that they are fa- 
cilitating an optimal rearrangement of 
the reacting components; (iii) that they 
are removing a_ surface-active agent 
which has become attached to the en- 
zyme and has inhibited it. The last pos- 
sibility is rendered unlikely by the result 
that removal of deoxycholate with resin 
from an $3 supernatant does not lead to 
reactivation. 

These results explain a discrepancy ob- 
served in our laboratory in 1950. When 
studying the copper content of cyto- 
chrome oxidase (7), we noted that there 
was poor correlation in many instances 
between the oxygen uptake catalyzed by 
a fraction and the height of the alpha- 
absorption peak in the reduced state. 
The ratio, O, uptake : 601-my absorp- 
tion, decreased as succeeding fractions 
were made by extracting heart muscle 
particles with 1 percent deoxycholate. It 
may now be suggested that the third and 
fourth fractions were probably deficient 
in the lipide or in the lipide-soluble sub- 
stance being discussed here (8). 

W. W. Wainio 

Janet GREENLEES 

Bureau of Biological Research, Rutgers 
University, New Brunswick, New Jersey 
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Production of Gibberellin-like 
Substances by Plant 
Tissue Cultures 


One of the most discussed as well as 
one of the most investigated problems 
today in the fields of plant physiology 
and plant agriculture generally is that of 
the gibberellins and their action on plant 
growth (/,2). That this group of fungal 
metabolic products has many very dra- 
matic effects on plants has been amply 
demonstrated (2, 3). How these chemi- 
cals act and exactly how valuable they 
will be to agriculture are two questions 
which still remain unanswered. 

Recently, investigators have reported 


Table 1. Plant tissue-culture extracts which have gibberellin-like effects on dwarf pea 


seedling growth. (LP) Nickell low-phosphate medium (1/7) ; 


high-phosphate medium (/2) ; 


(24) Burkholder and Nickell 


(CM) coconut milk (18 percent by volume) ; (YE) Mead 


Johnson yeast extract (5 g/l); (2,4-D) 2,4-dichlorophenoxyacetic acid (0.6 part per 
million) ; (pCl) p-chlorophenoxyacetic acid (0.6 part per million). Effects listed below 
are related to untreated plants (O) and gibberellin-treated (0.5 part per million) plants 


Plant source Common name 


Plant part Type tissue 


Rela- 
Medium used tive 
effect 


Vinca rosea 
Helianthus annuus 
Melilotus officinalis 
Melilotus officinalis 
Melilotus officinalis 
Melilotus officinalis 
Agave toumeyana 
Tlex aquifolium 
Phaseolus vulgaris 


Stem 
Petiole 
Stem 
Root 
Stem 
Root 
Leaf 
Stem 


Periwinkle 
Sunflower 
Sweet clover 
Sweet clover 
Sweet clover 
Sweet clover 
Century plant 
Holly 

Pinto bean 


Cotyledon Callus 


Crown gall LP +H 
Crown gall LP ++ 
Crown gall LP-YE-pCl + 
Virus tumor 24-YE-pCl + 
Virustumor 24-YE-pCl + 
Callus LP + 
Callus ++ 
Callus + 
+ 


White-2,4-D-CM 
White-2,4-D-CM 
White-2,4-D-CM 


gibberellin-like activity in extracts from 
several plants (4-6). Most of this type 
of investigation has been carried out by 
Phinney and his colleagues. In surveying 
numerous plants and plant parts, a sur- 
prising number of active extracts was 
found. This led Phinney to suggest that 
gibberellin-like compounds are wide- 
spread and might be universal in their 
occurrence among flowering plants (6). 
The greatest activity was found in the 
green seeds, young fruit, and endosperm 
of several plant species. 

The loss of activity as seeds reach ma- 
turity, the location of active extracts in 
stem tips (7), and the general activity of 
immature tissues indicate that immature 
tissues—rapidly dividing meristematic 
areas—are the sites of synthesis of these 
gibberellin-like materials. If this is the 
case, plant-tissue cultures should be an 
excellent place to look for such activity. 
If it is found, this should lend much 
weight to the hypothesis of universal oc- 
currence in the plant kingdom. More- 
over, tissue-culture techniques should 
lend themselves to investigations of such 
problems as rate and site of synthesis, 
nutritional factors affecting synthesis, 
and control of synthesis. 

This is a preliminary report of the 
results of our survey of plant tissue cul- 
tures as sources of gibberellin-like fac- 
tors. 

The tissues used in this study are well- 
established cultures which have been 
maintained in our laboratory for several 
years. The conditions under which they 
have been grown have been discussed in 
previous publications (8). Extractions 
were made, in each case, of 20 g (wet 
weight) of tissue about 4 weeks after its 
latest subculture. The method of extrac- 
tion was patterned after that used by 
Phinney and his co-workers (5) and con- 
sisted of (i) extraction of diced tissue 


with acetone-water (1:1) on a shaker , 


for 24 hours; (ii) filtration of the sol- 
vent, and (iii) reduction in volume over 


a steam bath to 5 ml. This 5-ml sample 
was sprayed with a deVilbiss atomizer 
on five dwarf pea plants (9) (1 ml per 
plant) which had been planted in sand 
1 week previously. Growth of the plants 
was measured 3, 5, and 7 days after 
application, and the results were com- 
pared with measurements of control 
plants and of plants sprayed with stand- 
ard gibberellin solutions. 

Some of the tissues whose extracts had 
a positive growth effect on the test plants 
are listed in Table 1. This represents 
about 50 percent of the plant tissues 
tested. 

It should be noted that positive growth 
effects were obtained with extracts of 
both monocots and dicots, as well as with 
both leguminous and nonleguminous di- 
cots. Activity is not limited by the type 
of tissue or by the plant part from which 
it originated, for stems, roots, leaves, and 
cotyledons are all represented, as well as 
nonpathological callus tissues and tissues 
of virus tumor and crown gall origin. 
This represents a wide distribution of 
plant material from many points of 
view: taxonomical, physiological, mor- 
phological, and pathological. 

Responses of the magnitude obtained 
with the standard gibberellin solutions 
and with the plant extracts were not ob- 
tained with any other solutions of spe- 
cific chemicals tested. These included 
several common auxins, purines, numer- 
ous antibiotics, organic acids, amino 
acids, and various types of chelating 
agents. Nor did the media on which the 
tissues were grown cause this response. 

The production of substances which 
elicit a response in test plants similar to 
that elicited by the fungal metabolic 
products, the gibberellins, has been dem- 
onstrated for tissue cultures of higher 
plants—in many cases tissues which 
have been maintained for years on a syn- 
thetic medium. The wide variety of 
plants represented by these cultures lends 
strong support to the hypothesis that the 
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gibberellins, or at least gibberellin-like 
substances, are universal in the plant 
kingdom and might play a vital role in 
the control of plant growth (10). 
Further work with those tissue cultures 
which produce the greatest amount of 
activity is being completed (10). 
L. G. NickELL 
Biochemical Research and Development 
Division, Chas. Pfizer © Company, Inc., 
Brooklyn, New York 
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New Maintenance Medium 
for Cell Culture 


Although animal serum has been a 
necessary constituent of most media for 
continuous cell cultures (J), many sera 
contain “inhibitors” to a wide range of 
viruses (2). It would be desirable to re- 
place serum with another substance 
which does not contain nonspecific in- 
hibitors or antibody and which would 
sustain cells in a condition sensitive to 
viral effects during the necessary obser- 
vation periods 

Having observed that boiled skim 
milk contributed to the maintenance of 
fully grown LAC cells (3), we undertook 
a study to determine the nutritive value 
of skim milk in cell culture maintenance 
media. 

Skim milk was prepared by dissolving 
Pet instant nonfat dry milk in distilled 
water, according to instructions on the 
container, in order to reconstitute origi- 
nal volume. The milk was either boiled 
for 5 minutes or autoclaved at pressure 
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of 7 lb. in.? for 15 minutes. The pH was 
adjusted to 7.2 with sterile 5-percent 
sodium bicarbonate, and 150-ml aliquots 
were frozen at — 20°C. This material was 
designated as 100-percent skim milk. 

Basal medium [medium 199 (4), or 
Eagle’s basal medium (5), at pH 7.3 to 
7.6] was mixed with varying amounts (0 
to 100 percent final concentration) of 
skim milk and fed to LAC cells and 
HeLa cells (Gey). Maintenance was very 
satisfactory in the presence of skim milk 
(10 to 40 percent) in either basal me- 
dium. Final concentration of 20 percent 
of skim milk in medium 199 was selected 
for further experimental use. Cell strains 
monkey heart (Salk) and KB (Eagle) 
and rhesus monkey kidney cells were 
maintained in this medium for periods 
of up to 4 weeks when fed at 7-day in- 
tervals. Rhesus monkey kidney may also 
be maintained in Earle’s balanced salt 
solution containing 20 percent skim milk 
and either 3 percent Travamin (6) or 
0.5 percent lactalbumin hydrolyzate (7). 
A twofold concentrate of any one of 
these media may be mixed with agar for 
plaque overlay of rhesus monkey kidney 
cells. As with serum-containing main- 
tenance medium, the degree of cell sup- 
port by basal medium containing skim 
milk varies with different cell culture 
lines and different cell culture strains. 
Rounded cells and debris may accumu- 
late, especially over the densest areas of 
cell cultures. Exceptionally dense areas 
of tube cultures may actually degenerate, 
leaving a wide margin of clear viable 
cells, which are suitable for observing 
viral effects. 

The activity of skim milk appears to 
be associated with one or more of the 
milk proteins; the activity is not dialyz- 
able and not sedimentable at 78,000g 
for 1 hour. A material of this type which 
retains its cell nutrient capacity after 
exposure to high temperature is rather 
unusual. Thus, skim milk is the first ma- 
terial which, at least partly, replaces the 
serum protein necessary for culture of 
HeLa cells, KB cells, and other continu- 
ous cell lines (5). 

Skim milk medium is turbid, due to 
suspended casein (8), and it is rather 
striking to observe clearing of the milk 
medium under certain conditions. Tryp- 
sin, stool suspension, and some bacterial 
contaminations will clear the medium. 
Monkey kidney cell cultures also clear 
the medium after 3 to 5 days’ incuba- 
tion at 36°C, while HeLa, LAC, and 
KB cells do not, in the absence of serum. 
Proteolysis of the suspended casein is 
thought to -be the mechanism of clear- 
ing. 

The viral sensitivity of a cell culture 
in a maintenance medium is relative to 
its sensitivity in the presence of an estab- 
lished medium on the same cell culture 
line. In comparative titrations, 4- to 


100-fold serum-inhibition of poliovirus 
was observed when calf-serum-contain- 
ing maintenance medium was compared 
with serum-free medium on monkey kid- 
ney cells. A number of lots of heated 
skim milk were tested in this manner, 
at 20- and 30-percent concentration, 
without detection of decreased sensitiv- 
ity. Similar determinations were made 
with monkey-kidney adapted Coxsackie 
B1, B2, B3, B4, B5, A7, A9 and vaccinia 
virus (9). There was no evidence that 
skim milk medium decreased cell cul- 
ture sensitivity to these viruses. Prelimi- 
nary studies indicate that HeLa cells in 
the presence of Ginsberg’s medium are 
tenfold more sensitive to adenovirus 3 
and 4 than HeLa cells in the presence 
of skim milk medium. 

To determine whether the -heating of 
skim milk would completely destroy any 
“antibodies” in milk (10), 1 ml of hu- 
man serum containing antibodies to all 
three types of poliovirus was added to 
9 mi of skim milk, and a 5-ml aliquot 
was autoclaved in the manner used to 
sterilize skim milk. The autoclaved ali- 
quot was free of poliovirus inhibitors, 
demonstrating that the heating process 
completely destroyed the activity of the 
added poliovirus antibodies in skim milk. 
These results indicate that skim milk 
medium provides an environment which 
allows relatively full sensitivity to most 
of the viruses tested. Additional advan- 
tages are simplicity of preparation, low 
cost, and reduction in requisite fre- 
quency of feeding the cells. 

Skim milk maintenance medium ap- 
pears applicable as a standard medium 
for (i) comparative assay of a variety 
of viruses on a number of different cell 
cultures, (ii) safety testing of virus vac- 
cines, (iii) isolation of viral agents 
which were not previously cultured, due 
to neutralization by serum-containing 
maintenance media, and (iv) detection 
of proteolytic activity of cell cultures. 

SAMUEL Baron 
Ricwarp J. Low 
Division of Biologics Standards, 
National Institutes of Health, 
Bethesda, Maryland 
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Blood Glucose of the Crab - 
Hemigrapsus nudus 


Studies in crustaceans of blood reduc- 
ing substances, commonly referred to as 
“blood sugar,” have been numerous. 
Until recently, however, there has been 
no means of establishing that the values 
obtained actually represent glucose, or 
indeed any other single substance, At- 
tempts to increase specificity by use of 
fermentation methods (1, 2) still leave 
some question but indicate clearly that a 
substantial fraction of the reducing sub- 
stances is not glucose. Recently Hu (3), 
using chromatographic methods, has 
shown that acid extracts of the shore 
crab Hemigrapsus nudus contain a vari- 
ety of carbohydrates, some of which, at 
least, will probably also be present in the 
blood. It therefore appeared essential, as 
a basis for studies of carbohydrate me- 
tabolism in crustaceans, to learn whether 
glucose is actually present in normal 
blood and, if so, at what levels of con- 
centration (4). 

Crabs (Hemigrapsus nudus) were col- 
lected near Charleston, Oregon, and 
brought to the laboratory in Eugene, 
where they were maintained in sea- 
water aquaria until blood was drawn, 
but no more than 5 to 10 days after cap- 
ture. The stage of the animals in the 
intermolt cycle was determined by the 
method of Drach (5), as modified for 
this species by Kincaid and Scheer (6). 
Blood was drawn with a syringe through 
the coxal membrane of the fifth walking 
leg and was deproteinized by being heated 


for 15 to 30 seconds in a boiling water 
bath. Control experiments with other 
methods of deproteinization showed that 
this procedure gave reliable glucose val- 
ues, and in view of the very low glucose 
concentrations found, it was considered 
desirable to avoid the dilution involved 
in other methods. Moreover, most other 
methods render the blood unsuitable for 
enzymatic procedures. Glucose was de- 
termined by the highly specific hexo- 
kinase-glucose-6-phosphate dehydrogen- 
ase (Zwischenferment) method (7), 
which depends on a spectrophotometric 
measurement of triphosphopyridine nu- 
cleotide reduction in the presence of 
adenosine triphosphate. 

The mean blood glucose values, for 
the various intermolt cycle stages, for 
normal animals and for animals from 
which eyestalks had been removed 1 
to 4 days before blood collection, are 
summarized in Table 1. From the val- 
ues presented, it appears that the blood 
glucose of these crabs is very much 
lower than previous determination of 
blood reducing substances would in- 
dicate. No parallel measurements of 
reducing substances were made in these 
crabs, but determinations by means of 
the Folin-Wu method give values of 
about 15 mg/100 ml, and determinations 
of “total carbohydrate” with the an- 
throne method (8) give values of about 
10 mg/100 ml. Evidently, then, less than 
20 percent of the “blood sugar” is in 
fact glucose. 

The variation with the intermolt cycle 
is also of interest. Renaud (9) found a 
gradual increase in blood reducing sub- 
stances as the molt approaches in Cancer 
pagurus, as had other workers earlier. 
We had very few animals available in 
the premolt stages (D), but there is no 
sign of a premolt increase in blood glu- 
cose. Rather, the maximum values ap- 
pear in stage C,, in the early intermolt 
period; the mean for this stage is sig- 
nificantly higher than the means for 
stages B, or C,, at a probability level of 
0.5 percent on the basis of the ¢ test. 


Table 1. Mean values (in milligrams per 100 milliliters), and standard error of the 
means, for blood glucose of crabs (Hemigrapsus nudus) in relation to the intermolt cycle 


and to removal of eyestalks. 


Stage 


Postmolt 


Intermolt Premolt 


As Bi Bo 


Di: Dae Ds 


Normal 


No. 6 4 10 7 


0.17 


Standard error 


6 12 8 3 1 
1.85 1.28 1.70 2.45 0.75 
0.43 0.16 0.29 


Eyestalkless 


No. 3 7 
Mean 0.56 


2 Ag 


1:87) 
Standard error 0.35 


0.25 0.23 


The values for eyestalkless animals in 
Table 1 are, in general, lower than the 
values for normal animals in the same 
stage of the cycle; however, the differ- 
ences are not statistically significant. 
Scheer and Scheer (2) found a decrease 
in total and fermentable reducing sub- 
stances in spiny lobsters and were able to 
explain the difference as resulting from 
an increased tissue utilization of glucose 
in eyestalkless aniamls. Kleinholz and 
Little (7) and Abramowitz et al. (10), 
however, could find no such decrease in 
crabs. 

Mary A. 
Department of Biological Sciences, 
De Paul University, 
Chicago, Illinois 
Braptey T. SCHEER 
Department of Biology, 
University of Oregon, Eugene 
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Modes of Entry of Strontium 
into Plant Roots 


Cell walls of roots consist of a frame- 
work of microfibrils (Fig. 1). Spaces 
between them may function as “free 
space” (1), or they may contain met- 
abolic products, particularly pectic sub- 
stances (2). Nutrient ions enter the root 
via free space or, as demonstrated below, 
by way of surface migration. 

Cation-exchange membranes of the 
Amberplex type (3) were converted to 
H-membranes by leaching with normal 
HCl. Acid in the pore space of the mem- 
brane was removed by prolonged dialy- 
sis in distilled water. 

To a wet Amberplex strip, 7.4 cm 
long, 1.5 cm wide, and 0.8 mm thick, 
was added 1.128 milliequivalents (meq) 
of Sr(OH),, tagged with Sr85, This 
solution saturated the H-membrane to 
80.0 percent. When it was immersed in 
700 ml of distilled water, the strip re- 
leased, at equilibrium, 0.084 ueq of 
strontium. 

If an H-membrane of identical size is 
suspended in this solution (which is 
agitated and which contains the Sr-mem- 
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brane) the H-membrane will sorb dis- 
solved strontium. Transfer of strontium 
from one membrane to the other via 
solution is very slow. Less than 0.05 per- 
cent of the strontium moves in 2000 
hours. If the Sr-membrane is brought 
into intimate contact with the H-mem- 
brane, 42 percent of its strontium crosses 
the boundary within 48 hours. 

Alfalfa seedlings, 16 days old, with a 
shoot length of 3 cm, were rinsed in 
distilled water for 4 hours. Forty-five 
plants, weighing 104 mg in an oven-dry 
state, were tied to the Sr-membrane strip 
in such a way that only the roots were 
in contact with it. The root-strip assem- 
bly was then immersed vertically in the 
equilibrium solution, which was aerated 
and stirred. Roots of an equal number 
of plants (102 mg), tied in a bundle, 
were also inserted into the solution. 
These roots never touhced the mem- 
brane. Strong artificial illumination was 
provided in all experiments. 

After 18 hours both sets of plants 
were assayed for Sr8> (sets A in Table 


1). 

The uptake of Sr by contact was twice 
the uptake from the equilibrium solu- 
tion, in spite of the fact that only a small 
portion of the root surface actually 
touched the membrane. 

In set B there were 40 plants, 6 days 
old and weighing 69 mg, oven-dry. The 
membrane, as in A, was in a horizontal 
position, and the roots were pressed upon 
the strip with a 300-g weight. Between 
roots and weight was a layer of cotton. 
It seems fair to conclude that the higher 
activity of the B plants is due to more 
intimate contact of roots and strip caused 
by external pressure. 

One cannot invoke the CO, theory 
as an alternate mechanism to contact- 
uptake, for the release of strontium 
from Amberplex during an 18-hour pe- 
riod is greater in distilled water freed 
from CO, than in water saturated with 
CO,. If high concentrations of CO, near 
the root surface were crucial, the roots 


=1000 mu=10,000 A 

Fig. 1. Model of boundary region of root 

surface and growth medium. (m) cellu- 

lose microfibrils; (p) pectic substances; 

(f) free space; (cl) resin grains or clay 

particles of various sizes. 
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in contact with the membrane should 
sorb rather less strontium, not more, 
than the solution plants. 

Related experiments were conducted 
with small beads of cation exchanger 
Chempro C-20 (4). This had an ex- 
change capacity of 4.9 meq/g of oven- 
dry material. To 34.26 g of moist resin 
(19.1 percent H,O) was added 122 meq 
of tagged SrCO, in 700 ml of solution. 
At equilibrium this solution contained 
2.2 weq of strontium, also in equilibrium 
with air. 

The strontium-resin was scooped into 
a short vertical Lucite tube, the open 
bottom-end of which was covered with 
nylon gauze. The tube was lowered into 
the equilibrium solution in such a way 
that the upper level of the resin fill was 
horizontal with the level of the solution. 
The roots of 60 washed alfalfa seedlings, 
10 days old and weighing 84 mg, were 
carefully packed into the resin slurry. 
Outside the tube, roots of an equal num- 
ber of plants (98 mg) were inserted into 
the equilibrium solution, which was con- 
tinually aerated. 

After 18 hours the roots of the contact 
plants were rinsed in distilled water to 
free them from adhering resin beads. 
According to radioassay (Table 2), con- 
tact absorption again proved vastly su- 
perior to solution absorption. The plants 
in solution removed only 12 percent of 
the dissolved Sr. 

One might contend that contact ef- 
fects play no role whatever, that in- 
stead the roots excrete chelating sub- 
stances which free the strontium from 
the resin particles, and that the stron- 
tium chelates then enter the root via 
free space. 

To test this possibility, two strontium- 
resin columns, R-a and R-b, and two 
sand columns, S-a and S-b, were ar- 
ranged in such a way that R-a was above 
S-a and R-b was above S-b. Alfalfa 
seedlings were inserted into the sand 
columns and into R-a but not into R-b. 
By means of a pumping arrangement, 
equilibrium solution was brought to the 
top of R-a. It percolated through the 
resin into sand column S-a and into a 
beaker, all by gravity. From the beaker 
the solution was pumped again on top 
of R-a, and percolation started anew. 
Circulation was continuous. The same 


process operated independently with R-b . 


and S-b. 

If the plants excrete chelating com- 
pounds, the resulting strontium chelates 
should, in considerable part, be leached 
from the resin into the sand. Plants in 
S-a should accumulate much more stron- 
tium than plants in S-b. But in duplicate 
experiments, each lasting 4 days, no 
significant differences between sand col- 
umns were found. The plants in resin 
accumulated 16.4 times more strontium 
than the plants in sand. Of course, if the 


Table 1. Uptake of strontium by alfalfa 
seedlings (in microequivalents per gram 
of oven-dry material). 


Plants Plants 
in in contact 
solu- with 
tion Amberplex 
A 
A B 
Leaves 0.005 0.023 0.071 
Stems 0.086 0.053 0.105 
Roots 0.298 0.641 1.043 
Entire plant 0.059 0.104 0.174 


Table 2. Uptake of strontium by alfalfa 
seedlings (in microequivalents per gram 
of oven-dry material). 


Plants in Plants in 
equilibrium resip 
solution slurry 
Leaves 0.0 3.6 
Stems 4.2 15.5 
Roots 16.9 107.1 
Entire plant 2.8 17.8 


resin should strongly adsorb the chelate, 
the chelate would not pass into the sand 
column, but neither would it diffuse into 
the free space of the root. 

Although dissolved strontium can 
enter the root through free space, stron- 
tium adsorbed on resin cannot. We vis- 
ualize a transfer of strontium from resin 
surface to root surface by contact ex- 
change (5). Strontium may then mi- 
grate into the interior along negative sur- 
faces of cell-wall constituents. We deter- 
mined diffusion coefficients of strontium 
in Amberplex membrane (D=3>* 
cm?/sec) and calculate that adsorbed 
strontium traverses a distance of 1 p 
(corresponding to the thickness of cell 
walls) in about 1 minute. But ion-ex- 
change migrations could not account for 
the appearance of substantial amounts of 
strontium in the leaves in 18 hours. Pre- 
sumably, inside the root the adsorbed 
strontium is released into free space, or 
is acquired by carrier substances, or both, 
and is subsequently transpofted to the 
leaves. 

Juan ve Dios Lopez GonzaLez 
Hans JENNY 
Universidad de Granada and 
Junta de Energia Nuclear, Spain, and 
University of California, Berkeley 
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Acceleration of Plasma 
Cholinesterase Activity by 
Quaternary Ammonium Salts 


It has been reported (J) that trypt- 
amine (2) and some other alkylamines 
(3) accelerate the hydrolysis of benzoyl- 
choline by plasma cholinesterase. In 
an attempt to obtain more informa- 
tion on the mechanism by which the en- 
zyme activity is enhanced, we studied 
accelerating effect of relatively simple, 
closely related alkylamines. ‘The com- 
pounds investigated were tetramethyl-, 
tetraethyl-, tetra-n-propyl, and tetra-n- 
butyl ammonium. For the sake of com- 
parison, trimethyl- and _ triethylammo- 
nium and choline were also studied. 
Because of their poor solubility, the tri- 
propyl and tributyl analogs could not be 
investigated. 

The methods employed were similar 
to those used in work previously de- 
scribed (4, 5). The source of plasma 
cholinesterase was Cholase (6). Its ac- 
tivity was assayed with Kalow’s (7) 
ultraviolet spectrophotometric and War- 
burg’s manometric methods. The con- 
centration of substrates at the start of 
the experiments was 5x 10-°M in the 
spectrophotometric and 2 x 10°3M in the 
manometric experiments. 

All tetraalkylammonium compounds 
accelerated the hydrolysis of benzoyl- 
choline by plasma cholinesterase. The 
results of the spectrophotometric deter- 
minations are presented in Fig. 1. The 
activating effect increased from tetra- 
methylammonium to tetra-n-propylam- 
monium and then decreased sharply 
with the tetra-n-butyl compound. Sim- 
ilar results were obtained with benzoyl- 
choline substrate in the manometric ex- 
periments. Qualitatively similar, but 
smaller (less than 100 percent), accel- 
eration was observed with procaine sub- 
strate. Trimethyl- triethylammo- 
nium also accelerated the hydrolysis of 
benzoylcholine, but to a lesser degree 
‘than the corresponding quaternary com- 
pounds. The increase in the rate of hy- 
drolysis caused by 10-°M concentrations 
of trimethyl-, tetramethyl-, triethyl- and 
tetraethylammonium were 10, 25, 105, 
and 160 percent, respectively. The acti- 
vating effect of choline (32 percent), 
first reported by Hardegg et al. (8), was 
between that of tetramethylammonium 
and that of triethylammonium. 

It is generally accepted that the ac- 
tive surface of the plasma cholinesterase 
contains an anionic and an esteratic site 
(9) and that various substrates contain- 
ing both a positively charged N and a 
carbonyl group are attracted to the en- 
zyme partly by coulombic forces oper- 
ating between the opposite charged 
groups and partly by unspecific Van der 
Waals forces (10). It has also been 
shown that from the point of view of 
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Fig. 1. Acceleration of the hydrolysis of benzoylcholine by quaternary ammonium salts, 


functional activity, adsorption to the 
esteratic site is of greater importance 
than attraction to the anionic site (4). 
As was previously suggested (2), it is 
possible that the positively charged N of 
an aromatic substrate may get attached 
to. the anionic site in a position which 
will prevent the attachment of the car- 
bonyl C to the functionally important 
esteratic site. This would result in slow- 
ing of the rate of hydrolysis. If, on the 
other hand, the anionic site of the ester- 
ase is occupied by another positively 
charged group, the chances for the at- 
tachment of the ester group of the sub- 
strate to the esteratic site will increase, 
and the rate of hydrolysis will be ac- 
celerated. 

The activating effect of the substi- 
tuted ammonium compounds became 
greater when the length of the substitut- 
ing alkyl radical increased from methyl 
to propyl. Substitution with progressively 
longer radicals increases the ionic radius 
and decreases the magnitude of the cou- 
lombic forces operating between the 
positively charged N and the anionic 
site of the enzyme. The fact that, de- 
spite this decrease in the magnitude of 
coulombic forces, the activating effect 
increased suggests that Van der Waals 
forces are also an important factor for 
the attachment of the activators to the 
anionic site of the enzyme. 

On the basis of these considerations, 
the activating effect of tetra-n-butylam- 
monium should be greater than that of 
the other quaternary ammonium salts 
investigated. In fact, however, the acti- 
vating effect of tetra-n-butylammonium 
was less than that of either the tetra- 
ethyl or the tetra-n-propyl derivative. 
A possible explanation of this discrep- 


ancy might be that the radius of the’ 


tetra-n-butylammonium ion (> 6 A) is 
considerably greater than the assumed 


distance between the anionic and ester- 
atic site of plasma cholinesterase (4), 
Consequently, when this ion becomes 
attached to the anionic site, because of 
its size, it may interfere with the access 
of the substrate to the esteratic site. This 
assumption is indirectly corroborated by 
the finding of Bergmann (9) that the 
inhibitory effect of tetra-n-butylammo- 
nium on the hydrolysis of acetylcholine 
substrate by plasma cholinesterase was 
greater than that of tetraalkylammo- 
nium salts of smaller molecular size. 

The importance of ionic and other 
forces of attraction between the sub- 
strate and the cholinesterase molecule 
or between the inhibitor and the enzyme 
has been pointed out before by others 
(11, 12). This report discusses the role 
of these forces in the accelerating effect 
of alkylammonium derivatives on the 
hydrolysis of aromatic substrates _ by 
plasma cholinesterase. 

Ervin G. Erpés*, Francis F. Foupes, 

Eimer K. Zsicmonp, Nora Baarty, 

Jupirn A. Zwartz 

Department of Anesthesiology, Mercy 
Hospital, and Department of Surgery, 
Section on Anesthesiology, 
University of Pittsburgh School of 
Medicine, Pittsburgh, Pennsylvania 
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Protection by D-Penicillamine 
against the Lethal Effects of 
Mercuric Chloride 


The oral administration of the sulf- 
hydryl amino acid, penicillamine, in- 
creases the urinary excretion of copper 
by normal individuals and by patients 
with hepatolenticular degeneration 
Because of the afore-mentioned report 
and because of the interests of this labo- 
ratory in the metabolic and antimeta- 
bolic properties of penicillamine and its 
analogs (2, 3), the efficacy of this amino 
acid was compared with that of British 
antilewisite (BAL) as an antidote for 
heavy metal poisoning. 

Male Sprague-Dawley rats (approxi- 


mately 2% months old, weight 280 to 
340 g), housed in temperature- and hu- 
midity-controlled quarters (76°F, 50 
percent) were used. As is demonstrated 
by the data of Table 1, while BAL 
(group II) completely protects rats 
against the lethal effects of a single in- 
traperitoneal dose of 3.0 mg of mercuric 
chloride per kilogram, an equimolar 
amount of pi-penicillamine (group IIT) 
does not. When, however, an amount of 
D-penicillamine (group IV) equimolar 
to BAL, or a twice equimolar amount of 
DL-penicillamine (group V) is admin- 
istered, a highly significant amount of 
protection is obtained. Since it appeared 
that the protective action of p1-penicil- 
lamine is due to the pD-isomer (groups 
III, IV, and V), each of the enantio- 
morphs was tested. It was found that the 
protective action of penicillamine is pri- 
marily a property of the p-isomer (groups 
VII, VIII, and I). Whereas pL-cysteine 
(group VI) does not protect the animals, 

an equimolar amount of its B,B-dimethy] 
homolog, pt-penicillamine (group V), 
exerts a significant protective action. 

The chronic oral use (1, 4) of pL- 
penicillamine in the treatment of vari- 
ous neurological disorders should be 
viewed with caution since weanling male 
Sprague-Dawley rats receiving two oral 
doses of 50 mg of pt-penicillamine per 
kilogram each day began to lose weight 
on the fifth day and four of ten animals 
were dead by the 13th day. 

The biological activity of penicilla- 
mine has now been extensively studied 
(2, 3, 5, 6). Although for the rat (5) 


Table 1. Mortality of rats receiving mercuric chloride and sulfhydryl compounds. Sta- 
tistical analysis of the groups showed p > 0.05 for groups I versus III, IV versus V, I 
versus VIII, and II versus VII; p < 0.05 for group VII versus group VIII; and p < 0.01 
for groups I versus II, I versus IV, I versus V, I versus VII, III versus IV, III versus V, 
II versus IV. Pen, penicillamine; Cys, cysteine; BAL, British antilewisite. 


Cumulative 30-day mortality 


Sur- 

Group Compound (mg/kg) * vival 

Expt. Expt. Expt. Expt. Expt. Total (%) 

1 2 3 4 a 

I 3.0 HgCle 8/10 9/10 8/10 9/10 9/10 43/50 86 
II 3.0 HgCl.+ 60 BALT 0/10 0/5 0/10 0/25 0 
III 3.0 HgCl+ 72 DL-Pent 6/10 9/10 7/10 FS 
IV 3.0 HgCl+ 72 D-Pent 6/10 0/10 4/10 10/30 33 
3.0 HgCl. + 144 DL-Pent 3/10 0/10 4/10 7/30 23 
VI 3.0 HgCle+ 117 DL-Cyst 9/10 10/10 19/20 95 
VII 3.0 HgCl. + 144 D-Pent $/20 5/20 25 
VIII 3.0 HgCl. + 144 L-Pent 14/20 14/20 70 
IX 144 DL-Pent 0/10 0/10 0 
X 117 DL-Cyst 0/10 0/10 0 
XI 144 D-Pent 0/13 0/13 0 


* All sulfhydryl compounds (9) were injected intramuscularly 20 minutes, 1¥% hours, and 3% hours after 
a single intraperitoneal injection of HgCl,. Recorded amounts of the sulfhydryl compounds are of the free 


base and are the total of the three injections. 
+ Equimolar amounts. { Equimolar amounts. 
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and E. coli (3) the t-isomer has growth 
inhibitory activity, the D-isomer is in- 
nocuous. While pyridoxine, ethanola- 
miné, choline, or metabolites intermedi- 
ate between the latter two compounds 
have been shown to reverse the growth- 
inhibiting activity of L-penicillamine in 
the rat (5, 6), only valine, isoleucine, 
leucine, or methionine will do so in 
Escherichia coli (3). These inhibitory 
properties of t-penicillamine and _ its 
relative ineffectiveness in treating heavy- 
metal poisoning appears to make p-peni- 
ciliamine a safer and more effective 
agent than obt-penicillamine in the 
chronic treatment of hepatolenticular de- 
generation. 

The oral effectiveness of p-penicilla- 
mine in stimulating copper excretion (1) 
and its intramuscular effectiveness in 
protecting rats against death due to 
mercuric chloride under the conditions 
of these experiments (7) presents the 
possibility of development of an oral 
prophylactic and an oral treatment for 
heavy-metal poisoning (8). 

H. VasKEN APOSHIAN 
Department of Pharmacology, 
Vanderbilt Medical School, 
Nashville, Tennessee 
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lamine HCl 12H,O [a]®=+ 60.2 (1 percent 
in 1N NaOH) were purchased from the Cali- 
fornia Foundation for Biochemical Rese: 
Mallinckrodt’s A. R. mercuric chloride was 
used. The solutions were such that 0.1 ml of a 
saline solution of mercuric chloride or sulfhy- 
dryl pound was inj d per 100 g of body 
weight. 
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Letters 


Economics of Nuclear Power 


The article by John E. Ullmann on 
“Economics of nuclear power” [Science 
127, 739 (1958) | reaches conclusions that 
appear to be based on highly tenuous 
assumptions. Basically, the findings of 
the author depend on a graphical ex- 
trapolation of past-performance trend 
lines. Such an evaluative technique, not 
coupled with a specific analysis of the 
processes involved, can readily produce 
misleading conclusions. 

The assumption is made that the long- 
term pattern of cost reduction noted for 
conventional steam plants since 1910 to 
the present will prevail for nuclear 
power. However, inasmuch as the actual 
cost reduction in conventional plants has 
not been significant since 1945, it is fur- 
ther postulated that the trend will re- 
verse and start to rise for the conven- 
tional steam plant. This up-for-one and 
down-for-the-other type of analysis com- 
pletely ignores the common elements in- 
volved in the two processes being com- 
pared. 

The author’s study relates exclusively 
to steam power, inasmuch as he has spe- 
cifically excluded from his analysis any 
direct-generation fission or fusion power 


which might circumvent the steam cycle. 
Thus, a proper steam-power analysis 
would require a distinction being made 
between those costs that are inherent to 
the use of a specific fuel and those costs 
that relate to the generation of steam 
irrespective of the nature of the fuel. If, 
as appears likely, those costs associated 
with steam generation per se will rise— 
and they represent a major aspect of the 
total cost of steam-power production— 
then such a rise will also be reflected in 
the projected nuclear power costs. This 
consideration would appear to invalidate 
a substantial portion of the author’s 
analysis. 

Further—and this was not even men- 
tioned—actual fuel “costs for nuclear 
versus conventional fuels are at present 
difficult to determine realistically. A sub- 
stantial credit is now allowed for the 
used nuclear fuel, and this situation 
would presumably not prevail under 
competitive nonsubsidy conditions. Inci- 
dentally, reference 6 is in error and 
should refer to volume 77 (1955) [of 
Trans, Am. Soc. Mech. Engrs.]. 

Henry Ko.in 
Consolidation Coal Company, 
Library, Pennsylvania 


In his article “Economics of nuclear 
power” [Science 127, 739 (1958)], John 
E. Ullmann comes to some conclusions 


which are contrary both to economic 
analysis and to common sense. Ullmann 
predicts, for instance, that investment 
costs for conventional steam power 
plants will steadily increase in the fu- 
ture, whereas investment costs for nu- 
clear power plants will decline continu- 
ously. Thus, he states that by 1966 in- 
vestment costs per kilowatt of capacity 
will be equal, whereas by 1980 invest- 
ment costs per kilowatt of capacity in 
conventional steam power plants will be 
close to $450 per kilowatt, while in nu- 
clear power plants they will be around 
$50 per kilowatt. 

As a nuclear power plant requires 
practically all the investments necessary 
in a conventional steam plant and, in 
addition, special investments for contain- 
ment, control, safety, moderating and 
cooling materials, and so on, it is obvious 
that, per kilowatt of capacity, a nuclear 
power plant must, under existing and: 
foreseeable technology, be more expen- 
sive than a conventional steam power 
plant. A calculation, therefore, which 
foresees higher investment requirements 
for a conventional power plant than for 
a nuclear power plant of the same size 
is as logical as a cost calculation which 
indicates that the construction of a whole 
house is cheaper than the construction 
of a single room in that house. 

The United States Government in its 


Newly designed scientific research tools . . . 


PERISTALTIC PUMPS 


d1-ARTERENOL HCl 
1-ARTERENOL BITARTRATE 


(norepinephrine) 


1-EPINEPHRINE BITARTRATE 


Continuous-duty metering pumps that transfer liquids 
or gases thru plastic or rubber tubing at exceptionally 
slow rates—under aseptic or controlled conditions. 


Typical Applications: 


@ for micro-feeding anti-foams, 
substrates or media. 


@ for remote control transfer 
of corrosive, pathogenic, ra- 
dio-active or sterile fluids. 


Also the Corresponding 
META-METHYL ETHERS: 


@ for metering solutions in 
continuous fermentations or 
other reaction vessels. 


@ as auxiliary fluid dispensers 
with other equipment. 


d1-METANEPHRINE HCl 


and 


di-NORMETANEPHRINE HCl 


Available Now For 
Laboratory Investigation 
And Analytical Standards 


6 compact models . . . each operates at different speed; 
each offers wide flow range thru tubing up to 1/4” o.d. 
From 2 ml. per day pumped by one model to 75 ml. per 
minute by another. 


Flowing matter never in contact with any part of pump. 
Only tubing need be sterilized; ends remain contamina- 
tion-free since open-type clamps eliminate threading of 
tubing thru an “eye.” Other features: indicator light, 
and transparent top of yoke for easy viewing of com- 
pression adjustment. 


Write for Bulletin PA-SI 


SPECIAL CHEMICALS DEPT. 


e 
1450 Broadway, 
N.Y. 18, N.Y. 


NEW. BRUNSWICK SCIENTIFIC CO. LABORATORIES 


LABORATORY 


@ NEW BRUNSWICK, N. J. Ye 


PRECISION. APPARATUS 


» BOX 606 
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reply to the questionnaire of the Secre- 
tary-General of the United Nations as- 
sumed that, by 1975, investment costs for 
conventional power plants will amount 
to $150 per kilowatt and, for nuclear 
plants, to $300 per kilowatt, including 
fuel inventories [see Economic Applica- 
tions of Atomic Energy (United Nations, 
New York, 1957), p. 83). 

In addition to the point raised above, 
there are a number of other points in the 
article that might be challenged, in par- 
ticular the method employed for fore- 
casting power costs. This method, it is 
true, is frequently used by engineers, but 
its use is to be regretted as it has no sound 
economic basis. The highly speculative 
character of such forecasts should be 
made clear to the reader. 

JosepH BaRNEA 
New York, New York 


Both Kolin and Barnea seem to ques- 
tion my predictions for the same reason 
—my alleged failure to give weight to 
the common elements of conventional 
and nuclear power. These, however, are 
much less “common” than may at first 
appear. On the one hand, we have con- 
ventional equipment reaching a practical 
limit in size of units and a theoretical 
limit in operating conditions. On the 
other hand, in nuclear stations, steam 
operating conditions are now the same 
as in the conventional plants of 30 or 40 
years ago, so that a cost reduction similar 
to that of the past seems to me to be very 
likely, 

Nuclear plants can also be built much 
smaller, again paralleling conventional 
units for which the economic optimum 
size was much less in the past. The opti- 
mum size, in fact, went up with working 
temperature and pressure. The compari- 
son of plants of “equal” size, as made by 
Barnea, is therefore not valid. In the 
words of his simile, the room is part of 
another house. Barnea’s “extras” in nu- 
clear plants have been declining in cost, 
as stated, and will no doubt continue to 
do so, In any case, their cost is offset by 
the elimination of much of the fuel- and 
ash-handling equipment in modern con- 
ventional plants. In part, they are in- 
cluded in the nuclear “boiler.” 

With regard to my statistical method, 
the confidence bands of extrapolations 
widen sharply as we go into the future. 
In this sense, all forecasts are speculative. 

I agree with Kolin that nuclear fuel 
costs are quite artificial at present. Under 
freer conditions there is no reason why 
fuel reprocessing should not be done at a 
reasonable rate, Several large companies 
are interested in this field. The present 
distressed condition of the uranium min- 
ing industry also offers hope for cheap 
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Coleman 


For full details ask for Bulletin B-221 


For Portability: Coleman Model 20 ‘‘Compax” 
An ingenious new approach to pH measurement. 
Battery-operated, self-contained, single control. 
Complete with all chemicals ready to use, $200.00. 


For full details ask for Bulletin B-248 


pH Me 


For the laboratory: Coleman Model 18A pH Meter AC 
line-operated 0.14 pH, 0-1400 mv, with connections for 
automatic titration. Ready to use, $230.00. 


ters 


COLEMAN INSTRUMENTS INC., DEPT. 5» MAYWOOD, ILLINOIS 
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nuclear fuel, especially if the dominant 
role of nuclear weapons in the market is 
eventually reduced. 

Since my article was written several 
studies and proposals for plants in the 
United States and England have con- 
firmed or even exceeded my expecta- 
tions. Furthermore, as I am sure Barnea 
knows, we have just had a rate increase 
in New York, and more are to come. 
Kolin’s “up-for-one and down-for-the- 
other” may well be upon us. 

Joun E..ULLMANN 
Department of Industrial Engineering, 
Columbia University, New York 


Meetings 
Forthcoming Events 


August 


11-13. International Mathematical 
Union, 3rd general assembly, St. Andrews, 
Scotland. (F. Smithies, Mathematical 
Inst., 16 Chambers St., Edinburgh 1, 
Scotland. ) 

11-16. Occupational Therapists, World 
Federation’s 2nd intern. cong., Copen- 
hagen, Denmark. (Mrs. I. Worsoe, Hvid- 
klovervej 10, Aarhus, Denmark.) 

12-13. Economic Botany Conf., New 


specifications: 

14” x 8%” cast-aluminum 
body; built-in magnifier; 
spotlighted stage; 100-w 
cartridge heater with con- 
trollable output; 115 volt 
60 cycle AC. 


range: 
20° to 300° C thermometer 
calibrated in 1° C divisions. 


$1 QB EACH 


Ready to Plug in 


FAST-SAFE 
melting point 
determinations 


with the 
FISHER-JOHNS 


melting point apparatus 


The Fisher-Johns apparatus has set a new stand- 
ard of safety and convenience in determining 
melting points. The entire unit is compact, its 
controls simplified and readily accessible. The 
built-in viewing magnifier and illuminated stage 
expedite readings. Accuracy of the Fisher-Johns 
instrument is 1° to 2° C without calibration. By 
calibrating with a set of known melting point 
standards, accuracy to within 0.5° is possible. 

As for versatility . 
can also be used as a micro hotplate, ideal for 


micro evaporations and for preparing small 
amounts of organic compounds. 


. . the Fisher-Johns apparatus 


B-O4b 


139 Fisher 
Pittsburgh 


FISHER SCIENTIFIC 


America’s Largest M 


IN THE 
Boston 

Buffalo 
Charleston, W.Va, 


Chicago 
Cleveland 
Detroit 
New York 


of Laboratory Appli t 


Philadelphia 
Pittsburgh 
St. Louis 
Washington 


IN CANADA 
Edmonton 
Montreal 
Toronto 


York, N.Y. (D. J. Rogers, New York 
Botanical Garden, Bronx Park, New York 
58.) 

13-15. Electronic Standards and Meas- 
urements Conf., Boulder, Colo. (J. F. 
Brockman, National Bureau of Standards, 
Boulder. ) 

13-15. Industrial Applications of X-ray 
Analysis, 7th annual conf., Denver, Colo. 
(W. M. Mueller, Metallurgy Div., Denver 
Research Inst., University of Denver, 
Denver 10.) 

13-19. Seaweed Symposium, 3rd In- 
tern., Galway, Ireland. (C. O. hEocha, 
Chemistry, Department, University Col- 
lege, Galway.) 

13-20. Insect Pathology and Biological 
Control, intern. conf., Prague and Smo- 
lenica, Czechoslovakia. (J. Weiser, Inst. 
of Biology, Nacvicisti 2, Prague XIX, 
Czechoslovakia. ) 

13-20. International Astronomical Un- 
ion, 10th general assembly, Moscow, 
U.S.S.R. (P. Th. Oosterhoff, IAU, Lei- 
den Observatory, Leiden, Netherlands.) 

15-20. World Medical Assoc., 12th gen- 
eral, Copenhagen, Denmark. (World 
Medical Assoc., 10 Columbus Circle, New 
York 19.) 

17, American College of Hospital Ad- 
ministrators, 24th annual, Chicago, IIl. 
(ACHA, 620 N. Michigan Ave., Chicago 
11.) 

17-21. Health Conf., 7th annual, Uni- 
versity Park, Pa. (M. Cashman, Pennsyl- 
vania Dept. of Health, P.O. Box 90, Har- 
risburg. ) 

18-19. American Astronautical Soc., 
Western meeting, Palo Alto, Calif. (N. V. 
Petersen, Lockheed Missile Systems Div., 
Palo Alto.) 

18-21. Conservation Education Assoc., 
5th annual, Salt Lake City, Utah. (S. D. [ 
Mulaik, Biology Dept., University of | 
Utah, Salt Lake City.) 

18-21. Heat Transfer, AIChE conf. 
Evanston, Ill. (F. J. Van Antwerpen, 
AIChE, 25 W. 45 St., New York 36.) 

18-22. Clinical Chemistry Workshop, ff 
Houston, Tex. (Division of Clinical ff 
Chemistry, Dept. of Biochemistry, Baylor 
Univ., College of Medicine, Houston 
25.) 

18-22. Occupational Medicine and 
Toxicology, 2nd Inter-American conf. 
Miami, Fla. (W. B. Deichmann, Dept. of 
Pharmacology, Univ. of Miami School otf 
Medicine, Coral Gables, Fla.) 

18-22. Plant Science Seminar, 35th an- 
nual, Big Rapids, Mich. (E. P. Claus, Div. 
of Pharmacy, Ferris Inst., Big Rapids.) 

18-22. Semiconductors, intern. conf., 
IUPAP, Rochester, N.Y. (D. L. Dexter, 
Dept. of Physics, Univ. of Rochester, 
Rochester. ) 

18-23. New England Assoc. of Chem- 
istry Teachers, 20th summer, Kingston, 
R.I. (J. A. Martus, College of the Holy 
Cross, Worcester 10, Mass.) 

18-25. Religion in the Age of Science, 
5th summer conf., Star Island, N.H. 
(Institute on Religion in an Age of Sci- 
ence, 280 Newton St., Brookline 46, 
Mass. ) 

20-23. Photofluorography, intern. cong., 
Stockholm, Sweden. (International Cong. 
of Photofluorography, P.O. Box 5097, 
Stockholm 5.) 


(See issue of 20 June for comprehensive list) 
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HIGH 
VISIBILITY 


LIFETIME ACCURACY 


CENCO® 


MERCURY 


’ A fine instrument 
at a remarkably 
low price. Con- 
forms to U.S. 
Weather Bu- 

reau correc- 

tion charts, 


ORDER TODAY FOR PROMPT DELIVERY 


the most complete line of scientific instru- 
ments and laboratory supplies in the world. 


CENTRAL SCIENTIFIC CO. 


1718- Mirving Park Road Chicago 13, Mlinois 
and 


Boston Birmingham Santa Clara Los Angeles Tulsa 
Houston © Toronto Montreal Vancouver Ottawa 


INTERFERENCE FILTERS 


for isolating narrow spectral bands 


Spectral Range: 340-900 millimicrons 
Peak Transmission: 40% 
Half Peak Width: 8-12 mp 
Size: 2” x 2” 


Colorimetry 
Fluorimetry 
Flame 


also mi hotomi y, microcolorimetry, refractometry, 
polarimetry, light scattering measurements, and for many other 
applications pn monochromatic light in the visible, near- 
ultraviolet, and near-infrared range. 


Write for Bulletin #180 to 


PHOTOVOLT CORP. 
95 Madison Avenue New York 16, N.Y. 
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The apparatus consists 
essentially of the follow- 


ing: 
(a) Shaking burette in 
water jacket 

(b) Graduated manometer 
(c) Connecting tube 


assembly 


(d) Mercury reservoir 
(e) Water reservoir 


PHIPPS & BIRD 


MANOMETRIC 


BLOOD 
(AS 
APPARATUS 


The Van Slyke Gas Apparatus is used mainly for the 
determination of carbon dioxide in blood, carbon 
monoxide in blood and plasma, and similar determina- 
tions where an amount of gas evolved from a fluid has 
to be measured. 

Phipps and Bird adheres strictly to the principles set 
forth by Dr. Van Slyke when he pioneered this ap- 
paratus for manometric gas analysis. 

The measuring manometer is mounted over a nar- 
row opening in the front panel, behind which there is 
a strip of light-conducting plastic. The assembly is 
illuminated from the rear, the illumination being con- 
fined to the manometer and is uniform throughout. The 
reaction chamber is illuminated through an opening on 
the side of the manometer housing and from the same 
light source. 

The manometer is protected by a clear plastic shield. 

The apparatus is supplied complete with glass parts 
as illustrated. 


Cat. No. 21-432 


PHIPPS ABIRD, ine. 


Manufacturers & Distributors of Scientific metipniens 
(2) 6th & Byrd Streets - Richmond, Va. 
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New Calcium Reagent 


CORINTH Ca 


disodium 1-hydroxy—4—chloro 2,2 diazobenzene—1,8 
—dihydroxy—napthalene—3,6 disulfonic acid 


SIMPLE ... . . Requires just, one step with one reagent in a 


direct photometric determination of calcium. 


FAST + +. Takes only a few minutes working time. 
Merely add the CORINTH Ca reagent to the 
specimen, place the tube in a water bath, take 


a reading in the photometer. 


. Can be used for the determination of calcium 
in blood, urine, spinal fluid, etc. Requires only 
a 0.2 mi. specimen. 


VERSATILE . . 


INEXPENSIVE . . One gram is sufficient for 30 weeks use, at a 


cost of 12 cents per day, averaging 10 tests 
per day. Kits with pre-weighed vials are also 
available. 


Pe Complete instructions are available. 


Write for information about this and our other products 


CLINTON LABORATORIES 


6010 Wilshire Blvd., Los Angeles 36, Calif. 


DIFFUSION PUMP OIL 
COSTS CUT IN HALF 


If you operate a vacuum 
system at pressures below a 
micron, chances are that 
Narcoil-40® can halve your 
diffusion pump oil costs and 
give better performance, 
too! That’s because multi- 
purpose Narcoil-40 com- 
bines the best features of 
special purpose diffusion 
pump oils costing several 
times as much. It gives you 
high forepressure _ toler- 
ance, untrapped blank-offs to 2 x 107 mm Hg., 
plus high oxidation resistance and chemical 
stability. Jets stay clean for months. Pints $7.75; 
Quarts $14.50; Gallons $38.50; 55 gallon drums 
$24.50 per gallon. 

Sound too good to be true? Order some today, 
and if you’re not completely satisfied, we’ll re- 
fund your money 
PLUS $5.00 for 
your trouble. For 
informa- 
tion on Narcoil- 
40 or Narcoil-10, 


“NRC 


its companion oil 
CORPORATION for booster dif- 
fusion umps, 
i write today. 
DEPT. 25U, 160 CHARLEMONT ST., NEWTON 61, MASS. 
° A Subsidiary of National Research Corp. a 


GLASS ABSORPTION 
CELLS  KLETT 


by 


Makers of Complete Electrophoresus Apparatus 


SCIENTIFIC APPARATUS 
Klett-Summerson Photoelectric Colorimeters— 
Colorimeters — Nephelometers — Fluorimeters— 
Bio-Colorimeters — Comparators — Glass Stand- 
ards—Klett Reagents. 


Klett Manufacturing Co. 
179 East 87 Street, New York, New York 


BIND *EM... 
and you'll 
find them! 


Keep your copies of SCIENCE always available for 
quick, easy reference in this attractive, practical 
binder. Simply snap the magazine in or out in a few 
seconds—no punching or mutilating. It opens FLAT 
—for easy reference and readability. Sturdily con- 
structed—holds 26 issues. 


This beautiful maroon buckram binder stamped in 
gold leaf will make a fine addition to your library. 
Only $3.25 postpaid; add 50¢ for orders outside 
U.S.A. (Personal check or money order, please.) 
Name of owner, 75¢ extra; year of issue, 50¢ extra. 


SCIENCE 


Washington 5, D.C. 
SCIENCE, VOL. 128 


e 1515 Massachusetts Ave., NW, 
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Equipment 


The information reported here is obtained 
from manufacturers and from other sources con- 
sidered to be reliable. Science does not assume 
responsibility for the accuracy of the informa- 
tion. A coupon for use in making inquiries con- 
cerning the items listed appears on page 102 


® CROSSBAR SCANNER is capable of scan- 
ning 500 pairs of input connections at a 
rate of 50 per second, connecting the se- 
lected pair to a set of output terminals. 
Dwell time at each selected pair is 5 
msec. Higher repetition rates are possible 
with corresponding decrease in dwell 
time. Stepping is initiated by a positive 
pulse of 25-v amplitude or greater, a rise 
time between 0.02 and 1 usec, and dura- 
tion greater than 0.1 usec. Contact char- 
acteristics are said to be such that ex- 
tremely low signal level will be faithfully 
reproduced. (James Cunningham Son 
and Co., Inc., Dept. 153) 


"DIGITAL VOLTMETER provides accuracy 
of +0.01 percent +1 digit. Range is 
0.0001 to 100.00 v. Input impedance is 
1000 megohm on the 10 v scale and 11 
megohm on other scales. Ranging, polar- 
ity indication, and calibration are auto- 
matic. The instrument is transistorized. 
(Electro Instruments Inc., Dept. 145) 


"CIRCULATION PUMP provides pumping 
action by pressure of rollers against a 
flexible tube. The pump is self-priming, 
and pressure is constant. Available sizes 
provide pumping rates from 1 ml/min 
to 1 ml/24 hr. Tubing size is ¥ in. in- 
side diameter. Access to the ends of the 
tube is not necessary for installation or 
removal of the pump. (Electro-Mechan- 
ical Development Co., Dept. 150) 


"TRANSISTOR TESTER measures gain, 
leakage and shorts on p-n-p or n-p-n 
transistors. Five ranges cover low-, me- 
dium-, and high-power transistors. Col- 
lecting potentials from 0.5 to 100 v d-c 
are available in 17 steps. (Precision Ap- 
paratus Co., Inc., Dept. 155) 


"ELECTRONIC VOLTMETER provides ac- 
curacy of 0.25 percent of measured value. 
Measuring range is 100 pv to 1 kv. Input 
impedance is 6 megohm on low ranges 
and 60 megohm from 1 v up. Measure- 
ments are made by automatic comparison 
with calibration signals taken from a 
1-kv d-c supply controlled by a standard 
cell. If the unknown signal differs from 
the calibrated voltage, the indicator 
needle pulses. Pulsation ceases when bal- 
ance has been achieved. Indication is 
read from a four-digit potentiometer of 
better than 0.01-percent linearity. The 
calibration signal of the instrument can 
be used externally, and the instrument 
can be used as a conventional electronic 
voltmeter of 3-percent accuracy. (Milli- 
vac Instruments, Dept. 160) 
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™COLORIMETER AND ABRIDGED SPECTRO- 
PHOTOMETER is based on the flicker-pho- 
tometer principle. Illumination is pro- 
vided by an incandescent source within 
an integrating sphere. Reflectance trans- 
mission measurements may be made on 
liquids or solids. Source filters permit 
comparison under standardized incan- 
descent and daylight illumination. The 
instrument utilizes three solid-glass tri- 
stimulus filters and presents, on a meter, 
numerical values expressing difference 
between the sample and a reference 
standard. When it is used as an abridged 
spectrophotometer, the instrument di- 
vides the visible spectrum into ten bands. 


Visual inspection of the sample as seen 
by the instrument is also provided. Com- 
parison sensitivity is 0.1 percent. (In- 
strument Development Laboratory, Inc., 
Dept. 169) 


STRIP-CHART RECORDER records fre- 
quencies from d-c to 100 cy/sec. Direct- 
coupled amplifiers give sensitivity of 2 
mv/mm. Stylus deflection on each of 
two channels is 40 mm. Accuracy is +2 
percent. The record is made on electro- 
sensitive paper. (Mandrel Industrial In- 
struments, Dept. 166) 

JosHua STERN 
National Bureau of Standards 


AUTOMATIC 
FRACTION 


| Model 230 / 


FOR COLUMN CHROMATOGRAPHY... 
Both Time and Drop Counting Operation 


Model 230 Automatic Fraction Collector utilizes the 
accurate drop-counting method of fraction cutting to pro- 
vide precise volume measurement and clean separations. 
Mixing, contamination and evaporation are precluded 
by avoiding the use of intermediate collecting vessels, 
glass arms and funnels. Drops are counted as they fall 
from the column directly into the collecting tubes. 
Ease of operation and a high degree of reliability have 


been attained by not using complicated mechanisms 
or complex indexing systems. The overall result is 
high quality performance at moderate cost. 


Request full information. Ask for bulletin 230. 


DEPT. A + P.O. BOX 428 * LA GRANGE, ILLINOIS 
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STABLE 
ISOTOPES 
OF OXYGEN 


Enriched Water available 


Now up to 95 atom % )”* 


up to 2.0 atom % QC)” 


For information write to: 


ISOTOPE DEPARTMENT 


WEIZMANN INSTITUTE 
OF SCIENCE 


REHOVOTH, ISRAEL 


ADVANCES IN EXPERIMENTAL 


CARIES RESEARCH 
AAAS SYMPOSIUM VOLUME 
June 1955 
246 pp., 6” x 9”, 49 illus., index, clothbound 


Price $6.75; cash order price for 
AAAS members $5.75 

“. . . This is a real contribution 
to dental science. It is the most 
comprehensive review of animal ex- 
perimentation on caries ever at- 
tempted. The format and reproduc- 
tion of illustrations are excellent. 


“This compilation of research find- 
ings should have wide circulation 
and should be a storehouse of infor- 
mation for all those who are inves- 
tigating the problem of dental 
caries. It should serve to clarify the 
thinking and prevent useless dupli- 
cation in future studies. . . .” 


Russell W. Bunting, School of 
Dentistry, University of Michigan. 


AAAS, 1515 Mass. Ave., NW, 
Washington 5, D.C. 


PERSONNEL PLACEMENI—— 


CLASSIFIED: 25¢ per word, minimum 
charge $4.25. Use of Box Nu 
counts as 10 additional words. Pay- 
ment in advance is required 

COPY for classified ads must reach 
SCIENCE 2 weeks before date of issue 
(Friday of every week). 

DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices w il 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion 
13 times in 1 year 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on display ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 

Replies to blind ads should be addressed 
as follows: 

Box (give number) 

Science 

1515 Ave., NW 
Washington 5, 


$26.00 per inch 
24.00 per inch 


POSITIONS WANTED 


Bacteriologist, Ph.D., 40; 7 years of teaching 
plus 7 years of research ; general bacteriology, 
physiology, medical, immunology ; 40 publica- 
tions. Desires academic or research position. 
Box 169, SCIENCE. x 


Biochemist; Ph.D.; 12 years’ experience in 
pharmaceutical industry; 4 years as_ research 
chemist and group leader; 8 years, director of 
research. Medical Bureau, Burneice Larson, Di- 
rector, 900 North Michigan Avenue, Chicago. 


Medical Research Coordinator-Administrator- 
Immunochemist seeks new challenge. 
years, industrial microbiology; 5 years 
coordination. Publications. Box 167, 


research 
SCIEN NCE. 


Virologist, D.V.M. Ph.D., 33; excellent experi- 
ence, human and veterinary viruses, experimen- 
tal pathology, in industry. Desires academic po- 
sition. Box 160, SCIENCE. 7/11 


POStt10NS OPEN 


Associate Director, leading manufacturer of bio- 
logicals, blood bank, blood typing serums seeks 

., laboratory background essential, perma- 
nent position, excellent remuneration, no travel- 
ing. Write to Knickerbocker Biologicals Inc. 
300 West 43 Street, New York 36, N.Y. x 


Biologist, Ph.D. To teach biology in Catholic 
university. Experience: bacteriology and either 
zoology or Rank and salary 
Box 166, S 7/11 418 


(a) Chemist; M.S., Ph.D. experienced clinical 
chemistry ; four pathologists serving several area 
facilities; to $8000; university city, Midwest. 
(b) Bacteriologist; highly regarded county pub- 
lic health laboratory; $5300, overtime; resort, 
college town; East. (c) Pharmacologist; as as- 
sociate director, product development; requires 
pharmaceutical, organic synthesis experience; to 
$8000; midwestern concern. (d) Bacteriologist ; 
M.S. to head laboratory; new hospital expand- 
ing to 350 beds; Florida resort city. (e) Chem- 
ist; to head chemistry section, aid pathologist i in 
total laboratory administration; participate vari- 
ous educational programs ; research Kee ; 
university affiliated 400-bed hospital; to $9000 

East. Woodward Medical Bureau, Ann Wood- 
ward, Director, 185 North Wabash, Chicago. X 


Experienced Histology Technician, ASCP regis- 
tered preferred. Supervise histology laboratory 
in large midwestern teaching hospital, train tech- 
nicians, opportunity for research. Box 163 
SCIENCE. t! 


Experienced Cytotechnologist. Papanicolaou Re- 
search Laboratory, 1300 York Avenue, New 
York 21, New York. uc 


Ph.D. or equivalent for research in pharmacol- 
ogy (especially autonomic); small pharmaceu- 
tical comesny in New York City; permanent 
osition. Salary commensurate with experience. 
eplies acknowledged. Box 165, SCIENCE. 


POSITIONS OPEN 


FOOD MICROBIOLOGIST 


One of Chicago’s newest and best 
equipped research laboratories, has open- 
ings for young Ph.D.’s with spore bac- 
teriology experience. To direct research 
in new methods of food preservation. 


This work will include research on clos- 
tridium botulinum in irradiated foods as 
well as industrial food bacteriology. 
Applicants must be interested in an op- 
portunity to grow and assume the ad- 
ditional responsibilities of supervision in 
the future. 


Salary will be commensurate with ex- 
perience. Ideal working conditions. Paid 
insurance benefits, holidays, and vaca- 
tions. 
Apply: Mr. H. H. Finn—Box 2 
Continental Can Company, lac. 
Metal Research & Development 
Laboratory 
1350 West 76 Street 
Chicago 20, Illinois 


PHYSICAL BIOCHEMIST 


Recent M.S. graduate or equivalent. Po- 
sition in large East Coast metropolitan 
research institute. Prefer chemical train- 
ing, background and interest in physical 
and biochemistry. Salary $4500 to $5000. 
Write Box SM 841, 125 W. 41 Street, 
New York, New York. 


PHYSICAL CHEMIST-Ph.D. 


for fundamental research in biological 
macromolecules. No experience required. 
Modern East Coast metropolitan research 
institute. University affiliation. Opportu- 
nity for graduate teaching. Salary range: 
$6000 to $7000. Write Box $842, 125 W. 
41 Street, New York, New York. 


Physician-Virologist ; Senior Virologist (mas- 
ter’s); Virologist (M.S.) Must have experience 
in virology and microbiology. Good salaries and 
other benefits. rite Director of Laboratories, 
N.J. State Department of Health, State House, 
Trenton, New Jersey. 7/4,1 


SCIENCE TEACHERS, LIBRARIANS, AD- 
MINISTRATORS urgently. needed for posi- 
tions in many states and foreign lands. Monthly 
non-fee placement journal since 1952 gives com: 
plete job data, salaries. gegen’ qualifications 
and vacancies listed free. 1 issue, $1.00. Year 
(12 issues) $5.00. CRUSADE, 
Box 99, Station G. 22,N.Y. ew 


research 
chemist to head a, 
pe ital; East; $12,000. (c) C 
ologist to head psc services in well 
child guidance clinic; metropolitan 
area, Southwest; staff of 10; research opportun f 
wy. (d) Director, Clinical Chemistry, preferably 
D. (chemistry); (e) Director, Department, 
Biological Sciences; duties involve scientific 
leadership of established group of professional 
and supporting personnel; should be specialist 
in one of biological sciences, Ph.D. or M.D. 
major research organization. S7-2 Medical Bu. 
reau, Burneice Larson, Director, 900 North 
Michigan Avenue, Chicago. X 
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The Market Place 


BOOKS - SERVICES + SUPPLIES » EQUIPMENT 


DISPLAY: Rates listed below—no charge 
for Box number. Monthly invoices will 
be sent on a charge account basis — 
provided that satisfactory credit is 
established. 

Single insertion $26.00 per inch 
13 times in 1 year 24.00 per inch 
26 times in 1 year 23.00 per inch 
52 times in 1 year 22.00 per inch 

For PROOFS on er ge ads, copy must 
reach SCIENCE 4 weeks before date 
of issue (Friday of every week). 


BOOKS AND MAGAZINES 


Your sets and files of 


scientific journals 
are needed by our library and institutional cus- 
tomers. Please send us lists and ope of 
eriodical files yon are willing to sell a h mar- 
Bee prices. Write Dept. CANNER , ime. 
Boston assach 


PROFESSIONAL SERVICES 


LaWall & Harrisson 


RESEARCH & CONTROL LABORATORIES 
Otv. $, 1921 Wainut $t., Philadelphia 3, Pa. 


Food & Drug PROBLEMS 
Pharmacologica BACTERIOLOGICAL 


CHEMICAL 


LABORATORY SERVICES 


OPSCOMSIN for the ond 
RESEARCH ses, Biologial 
TION icity Studi Insecticide Testing 


at lavor Evaluation. 
Project Research and Consultation 


Write for Price Schedule 
Box 2217 * Madison 1, Wis. 


ANALYSES 
EVALUATIONS, CONSULTATION 
MAURICE AVE. at 58th ST., MASPETH 78, N.Y.C. 
Dk Formerly FOOD RESEARCH LABORATORIES, INC. 


other High Radiopurity tagged compounds 


SUPPLIES AND EQUIPMENT 


SUPPLIES AND EQUIPMENT 


WHITE MICE 


Hamsters, Guinea Pigs and Rats 
J.E.STOCKER Box4 Ramsey, N.J. 


PURINES C"4 


ISOTOPES I INC. 


albino rats -~ 


\ 


*Descendants of the ra 
and 


Sprague-Daw 


istar St: 
Sprague-Dawley, Inc. 
Pioneers in the development of the SS _— 
standard laboratory rat. 9 
Sprague-Dawley, Inc. HENRY L. FOSTER, D.V.M. 
P.O. Box 20713, Madison 5, Wisconsin RIVER BREEDIN 


President 


|| SUPPLIES AND EQUIPMENT 
HYPOPHYSECTOMIZED RATS 


Shipped to all points via Air Express 
or further information write 


HORMONE ASSAY LABORATORIES, Inc. 
8159 South Spaulding Ave., Chicago 29, Ill. 


HILL FARMS 


RATS 


MICE 
RABBITS 
GUINEA PIGS 


P.O. BOX 840 CAMDEN, N.J. 


11 JULY 1958 


USE THIS EASY SELF-MAILER to obtain 
further information 


| 11 July 1958 
Readers 


Information Requisition 
It’s simple: Mark—Clip—Fold—Mail—No stamp required 


This coupon is for your convenience—to facilitate your requests for further 
information about advertised products and items in Equipment. 


From: 


Zone . 
(Please print or type) 
Mark, clip coupon—FOLD HERE along this line—mail 


Postage 
Ne 7 
Addressee United States 


BUSINESS REPLY CARD 
First Class Permit #12711 New York, N.Y. 


To: SCIENCE MAGAZINE 


Room 740 
11 West 42 Street 
New York 36, New York 


101 


| 
d best 
open- 
re bac- 
esearch 
| | 
gy. 
op- 
the ad- 
- 
F 
| | | 
| 
it 
900 North Staple, Tape, Glue 
| 


SUPPLIES AND EQUIPMENT | SUPPLIES AND EQUIPMENT 


ae Water Soluble pH Indicators Basic Aspects and 
4 Tastandly Soluble Treatment 1957 


_ No mixing — No waiting 


Editor: Harold E. Himwich, 
Chemical Controls for: Galesburg State Research 


H, Chlorine, Phosph Hospital 
TACON ic Pals P 


Send for LaMotte Catalog 


"ARRAS Peed. Ga. Introduction: Chauncey D. Leake, 
GERMANTOWN NEW_ YORK Dept. H, Chestertown, Md. Ohio State University 
6 x 9, 220 pp., 33 illus., 
references, index, cloth 


Price $5.75 AAAS members 


11 July 1958 prepaid order price $5.00 


A symposium held under the 
auspices of the American As- 
sociation for the Advance- 
ment of Science in coopera- 
tion with the American 
Psychiatric Association and 
the American Physiological 
Society and presented at the 
Atlanta Meeting, December 
1955. 


de 


K 


Information Requisition 


Use this easy self-mailer to obtain further information about 
items or literature from the Equipment section as well as from 


advertised products. From the Reviews: 


Merrill Moore in Psycho- 
somatic Medicine: “This book 
is the latest and one of the 
most authoritative documents 
on this subject to be pub- 
lished. It is completely up-to- 
date and includes all the re- 
cently discovered methods in 


| 
| 
145 150 153 155 160 166 169 i the basic aspects and treat- 
| 


EQUIPMENT 


Circle below desired number corresponding to: 


ment of alcoholism . . . The 
book is well organized and 
written in such a way that 
anyone with a background in 
general science and the hu- | 
manities can understand it.” 


ADVERTISERS IN THIS ISSUE 


In list below, check page number of advertiser from whom you would like 
more information. If more than one item appears in ad, letters (A, B, C) are 
used to indicate particular items available in order of appearance in advertise- 
ment. Where more than one ad appears on page, ‘‘U” indicates upper ad, “L” 
lower ad, ‘‘I’’ inside ad, ‘‘'M’’ middle ad, and ‘‘O” outside ad. Advertisements 
in Personnel Placement and Market Place are not keyed. A multiplicity of items 
is indicated by *. Readers are requested to specify on this coupon the par- 
ticular item in which they are interested; otherwise, the request cannot be 


Journal of the American 
Medical Association: “It is 
an encouraging report, the 
first of several planned, using 
a sound multidisciplinary ap- 
proach. It should be of great 
value to all who are interested 
in either the research or clini- 


processed. cal aspects of this disease.” 

50 O51 O53 0 54 

0 94, LO 94, Li 095,A 0 95,8 0 96 


Advancement of Science 
1515 Massachusetts Ave., NW, 
Washington 5, D.C. 


97, Ul 97, uo £197, 98, ul 98, uo 
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GET READY FOR THE SPACE ERA! SEE-THE SATELLITES... THE MOON 


AMAZING TELESCOPE BUYS 


*« AND OTHER OPTICAL BARGAINS 


50- 150-300 POWER MICROSCOPE 


Amazing Value—Equal of a $75.00 Instru- 
ment! 3 Achromatic Objective Lenses on 
Revolving Turret! Imported! The color-cor- 
rected, cemented achromatic lenses in the 
objectives give you far superior results to 
the single lenses found in the microscopes 
selling in this range. Results are worth the 
difference! Fine rack and pinion focusing. 

Stock No. 70,008-W .... $14.95 Pstpd. 


MOUNTED 500 POWER OBJECTIVE 
. Threaded for easy attachment on 

above microscope. Achromatic lenses for fine 

viewing. 3 mm. focal length. 

Stock 730,197-W 


INFRARED arn TELESCOPE & PARTS 

See in the dark—without being ob- 
served. War surplus Sniperscope M-2, 
contains the famous 1P25A Image 
Tube, Govt’. cost about $1200. In- 
strument complete, ready to use. In- 
cludes Power Pack, infrared light 
source. Will operate from 6 V auto 
battery. Battery or transformer available. 
Stock No. 85,053-W $150.00 f.o.b. 
Save still more money! Build your 
own Sniperscope! We will furnish in- 
structions—parts, including: Power 
Packs, 1P25A image tubes, light units, filters, etc. For 
details—request FREE Catalog ‘‘W’’. 


Take Telephoto 
Shots Thru 


7x50 
MONOCULAR 


This is fine quality, American made instrument—war 
surplus! Actually %4 of U.S. Govt. 7 x 50 Binocular. Used 
for general observation both day and night and to take 
fascinating telephoto shots with your camera. Brand new. 
$95 value. Due to Japanese competition we close these out 
at a bargain price. Directions and mounting hints included. 
Stock No. 50,003-W $15.00 Pstpd. 


New! 2 in 1 Combination! —* 


50 POWER MICROSCOP 
and 10 POWER TELESCOPE 


Useful Telescope and Microscope 
ONLY combined in one amazing, pre- 
$4.50 cision instrument. Imported! No 

ppd 


larger than a fountain pen. 
Telescope is 10 Power. Microscope 
magnifies 50 Times. Sharp focus at any 
range. Handy for sports, looking at small 
objects, just 
Order Stock 330 $4.50 ppd. 
Send Check or M. Guaranteed! 


WAR SURPLUS AMERICAN-MADE 


7x50 BINOCULARS 


Big savings! Brand new! Crystal clear 
viewing—7 power. Every optical ele- 
ment is coated. An excellent night 
glass—the size recommended for 
satellite teeing, Individual eye fo- 
cus. Exit pupil 7mm. yo field at 

a 1,000 yds. is 376 ft. case 
included. 7x normally cost $195, Our war 
surplus price saves you real money. 


Stock No. 1533-W .. only $55.00 pstpd. (Tax included) 


BUILD A SOLAR ENERGY FURNACE 
Good Geophysical Year Project 


A fascinating new field. You can build 

your own Solar Furnace for experimenta- 

tion—many practical uses. It’s easy— 

inexpensive—use your scrap wood. We 

furnish instruction booklet. This sun 

powered furnace will generate terrific 

heat 2000° to 3000°. Fuses enamel to 

metal—produces many unusual fusing 

effects. Sets paper aflame in seconds. Use our Fresnel Lens 
—14%” diameter. . . f.1 14”. 

$6.00 Postpaid 


Stock No. 70,130-W Fresnel Lens 
ORDER BY STOCK NUMBER 


- SEND CHECK OR MONEY ORDER. 


« ASTRONOMICAL TELESCOPE 
4 MT. PALOMAR TYPE 


ONLY 
UP TO 270 POWER $7.45° 

A REAL REFLECTOR TELESCOPE 4 
Complete with Equatorial Mount, Tripod COMPLETE 


With this scope you can see the craters on the moon, rings of Saturn, double 
stars, or a newspaper headline at a mile! Mirror guaranteed to give theoreti- 
cal limit of resolution. 6X Finder. Rack and pin focusing, removable mirror 
mount, real equatorial mounting—only one adjustment follows stars! Alumi- 
num tube—takes standard eyepieces. You get 40X Kellner, 4%” F.L. eyepiece, 
one Barlow lens to give you up to 270 Power. F/11 mirror corrected to better 
than 4” wavelength. 


See the Stars, Moon, Planets Close Up! 
3” ASTRONOMICAL REFLECTING TELESCOPE 


60 to 10 Power—An Unusual Buy! 
Famous Mt. Palomar Type 

You'll see the Rings of Saturn, the fascinating planet Mars, hug 
craters on the Moon, Star Clusters, Moons of Jupiter in detail, Galax- 
ies! Equatorial mount with lock on both axes. Aluminized and over- 
coated 3” diameter high-speed £/10 mirror. Telescope comes equipped 
with a 60X eyepiece and a mounted Barlow Lens, giving you 60 to 
160 power. An Optical Finder Telescope, always so essential, is also 
included. Sturdy, hardwood, portable tripod. 

Free with scope: Valuable STAR CHART and 272 page *‘Astronomy Book.” 
(Shipping wt. 10 Ibs.) Barrington, N.J. 


ASSEMBLED 
AND 
READY TO USE! 


Photographers! This is an actual photograph 
of the moon taken through our Astronomical 
Telescope by a 17-year-old student. 


SALE! Terrific WAR SURPLUS BARGAIN! Made by B & L and E. K. 


Gov’t. Cost | 


AERIAL CAMERA LENSES} 335 


24” F.L. £/6, in 23” Long Lens Cone ;_$59.50 New 


Mounted in beautiful brass cells, lenses are 4” dia. precision 4-element type, Aero 

Tessar and Aero Ektar (no choice). Housed in cone—10” focal plane beyond cone 

and permits building on a film holder, eyepiece, ete. Lenses easily removed for other 

uses. Diaphragm is included—adjusts by flexible rod (easily extended) from f/6 

to f/22. Opens approx. 1” to 344”. Lens and cone—wt. 25 lbs. Sturdy carrying 

trunk—wt. 26 Ibs. 

USES: 1. For use as long range, Big Bertha Telephoto lens. 2. For Richest field 
(wide field, low power) telescope. 3. As Opaque Projector lens. 4. For use 
in Operation Satellites) 

Order Stock No. 85,059 = Price $39.50 f.0.b. Utah 

Order Stock No. 85, 060- w ba", Price $59.50 f.0.b. Utah 

Send Check or M.0. — ae back guarantee 


DIRECT MEASURING POCKET 
50% S MICROSCOPE—5O POWER 
STEREO PE 


Years in development. Equals $300 to 
} $400 instrument. Precision American 
B made. Used for checking, inspecting, 
small assembly work. Up to 3” work- 
© 3 ing distance. Clear, sharp, erect image. 

{ Wide, 3 dimensional field. 2 sets of 
aa on rotating turret. 23X and 


Stock No. 85,056-W $99.50 
f.0.b. Barrington, Wo. 


For direct reading measurements: for checking small 
parts and dimensions under powerful magnification. 
Precision, glass etched reticle calibrated for measure- 
ments up to 1/10” by .001” divisions. Estimates to 
Low Power Supplementary Lens Attachment for above Stereo -0005” can easily be made. Chrome reflector at base of 
an ae 15X down to 6X with clear, extra large 144” instrument reflects light on object examined or meas- 
field a ured. Sturdy construction. 


Feet CATA PAGEL 


Optics for the Space Era! OPTICAL BUYS 

Optics for the Science Class! 
Write for this amazing Catalog! You won't be sorry! 80 pa — 
hundreds of illustrations, charts, diagrams. A treeuiensdae of 
optical information . bargains galore. Scopes for observing Satel- 
lites, Moon, Planets, “Rockets. Optics for classroom, research labs, 
experimenters, hobbyists! Instruments for checking, es . We 
give you FACTS, no fluff. Tell you what it is — —_ 
where it’s u 

COMPARATORS, MAGNIFIERS, MICROSCOPES 

Countless war surplus bargains — ingenious optical tools from 
foreign lands. Thousands of optical components: eee a 
scopes, microscopes, magnifiers, lenses, prisms, wed: 


mounts — accessories of all descriptions. Shop the Catalog ie 
America’s greatest optical mart. Mail coupon. No obligation. 


WRITE FOR FREE CATALOG “W” 


SATISFACTION GUARANTEED! ~ 


EDMUND SCIENTIFIC €CO.,8aRRINGTON, NEW JERSEY 
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SEE 
ALL 

THE 
WAY 
DOWN... 


NEW, AO Spencer Vertical Illuminator allows stereoscopic 
magnification deep inside small diameter openings 


The new Vertical Illuminator and the AO Spencer 
Cycloptic Stereoscopic Microscope make a unique team 
that can be the answer to your problem whether it’s the 
inspection of detail in small diameter, deep hole borings, 
or delicate assembly of miniaturized parts where every 
move is critical. 

This low-cost illuminator readily attaches to the 
Cycloptic to provide efficient, shadowless illumination 
deep inside small orifices...and the Cycloptic delivers 


realistic, erect, true three-dimensional magnification of 
the illuminated. detail. 

The remarkable long working distance afforded by 
Cycloptic (up to7 inches when Illuminator is used with 53 
and 59 Series) gives you p/us advantages...permits ample 
room for large objects or inspection and assembly tools. 

Add this unit to your present Cycloptic or ask about 
low-cost Vertical Itluminator and Cycloptic stereoscopic 
microscope combinations. 


Dept. G-2 


Please send me FULL INFORMATION on the NEW AO SPENCER 
VERTICAL ILLUMINATOR AND CYCLOPTIC MICROSCOPES. 


NAME 


ADDRESS 


CITY. 
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